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EASING THE 
POSTOPERATIVE 
RUAD 


The bacteriostasis of sulfanilamide and tissue stimulation of allantoin 


make ALLANTOMIDE, “NATIONAL,” a useful product in surgery. 


[' ALL convalescence from surgery was rapid, 
with no complications, the life of a surgeon 
would be an easier one. ALLANTOMIDE OINTMENT 
“NATIONAL. can help to make the postoperative 
road smoother by keeping the wound in a healthy 
condition, and by promoting granulation tissue 


the convalescent period will thus be shortened. 


ALLANTOMIDE, “‘NATIONAL’’, is a water-miscible 


ointment containing 10% sulfanilamide and 2% 

allantoin. Sulfanilamide, the sulfonamide of choice for local use, tends to inhibit 
infecting organisms and thus maintains a clean, healthy wound. Allantoin en- 
courages healing by promoting granulation and epithelization. It is also said to 
exert a chemical cleansing effect on necrotic tissue, permitting the sulfanilamide 
to exert its full bacteriostatic effect, although preliminary cleansing and the 


usually practiced surgical procedures are advocated. 


ALLANTOMIDE is easy to apply; does not cake nor stain. nor does it irritate tissues. 
A thick eschar is not produced, thus permitting freedom of motion. A minimum 


of scars or contractures may be expected. A variety of burns, wounds, external 


ulcers and other conditions have been treated suc- 
cessfully with ALLANTOMIDE. Available in |-ounce 


NATIONAL 


DRUG COMPANY - professional literature and samples to . . . The 
National Drug Company, Dept. P, Phila. 44, Pa. 


ALLANTOMIDE 


tubes, 4-ounce. |- and 5-pound jars. Write for . 


BIOLOGICALS, BIOCHEMICALS, PHARMACEUTICALS FOR THE MEDICAL PROFESSION 
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NOW AVAILABLE: © 


“DICUMAROL * 


carefully ad- 
ministered, with daily determination of 
the prothrombin time is of value in the 
prophylaxis and treatment of intravascu- 
lar clotting. Known chemically as 3, 3’- 
Methylenebis (4-Hydroxycoumarin) this 
synthetic drug was developed as a result 
of the studies concerning the relationship 
of spoiled sweet clover and hemorrhagic 
diathesis in cattle, by Link and associates 
at the University of Wisconsin. 
‘“DICUMAROL” at present is only avail- 
able for oral administration. Its effect is 
to lengthen the prothrombin time by de- 
creasing the prothrombin concentration 
of the blood. There is a latent period of 
24 to 48 hours or more before the action 
of the drug can be detected. The increase 


in prothrombin time after a therapeutic 


dose, reaches a maximum in 3 to 5 days 
and gradually diminishes during the next 
3 to 5 days. 

INDICATIONS 
“DICUMAROL” has been used alone or as 
an adjunct to Heparin in the treatment of 
postoperative thrombophlebitis and_pul- 
monary embolism, acute embolic and 
thrombotic occlusion of peripheral arter- 
ies, recurrent idiopathic thrombophlebitis, 
post-traumatic and post-infectious throm- 
bophlebitis, and pulmonary embolism. 
The drug should not be used until the 
physician has fully familiarized himself 
with its physiologic properties, contra- 
indications, and the various precautions 
to be observed in its use. 

*“DICUMAROL” is supplied in 50- and 
100-mg. capsules in bottles of 100. 
‘ “Dicumarol” (Reg. U. S. Pat. Off.) is a registered 


collective trade-mark of the Wisconsin Alumni Research 
Foundation. 


FOR FULL INFORMATION WRITE PROFESSIONAL SERVICE DEPARTMENT 


E. R. SQUIBB & SONS, 745 FIFTH AVENUE, NEW YORK 22, N. Y. 
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foutdation: ‘of progeess: ‘not only for for’ surgeons 


Oo the ‘oligwiog pages, some of the basic aspects contripug™ 
service ia Pesearch are e described. 


DsG’s development and improvement of 
sutures is based on carefully planned 
research which utilizes the most modern 


equipment and methods available and 


embraces every science that bears on the 
control of suture quality ... chemistry, 
bacteriology, physiology and physics. In 
many cases where standard equipment 
has not met rigid requirements, DxG has 
designed and supervised the production 


(Above) D&G research developments in the field of high heat 
sterilization have led to the elevation of temperatures in the 
processing of both boilable and non-boilable catgut. D&G has 
applied this knowledge to the design of special equipment for 
the precise control of every phase of the sterilizing operation. 


of entirely new equipment. Likewise, 
D«G control over the quality of its prod- 
ucts...from critical selection of suture 
materials to applied knowledge of be- 
havior characteristics ...has constantly 
advanced. 

Thus, the surgical profession has come 
to rely heavily on cooperation by D«G 
in the development of new sutures to 
meet specific needs. 


(Above) Bacteriologic tests developed by D&G's staff 
and conducted under ideal laboratory conditions are the 
most rigid ever devised for testing the sterility of sutures. 
These tests have become a pattern for the industry and 
the basis for the methods prescribed by the United 
States Pharmacopoeia. 


LITERATURE, available on request to sur- CONSULTATION. D&G's peseatt 
geons, students and hospital staffs, that and field representat +3 $ 
is as comprehensive as it is specific. It trained suture experts 

covers the whole range of suture charac- all times to extend fulf 

teristics and presents a wealth of experi- surgeons and _ institutions 
mental and clinical evidence. problems relating to sutures. - 


— 


(Above, right) D&G facilities for the study of physical 
properties of sutures include one of the largest general 
research laboratories fully equipped with the most modern > 
devices for electron microscopy, ultraviolet and infrared 
photomicrography and other forms of specialized research. 


(Right) The finest facilities for studies in all branches of 
chemistry have enabled D&G research to establish the high 
degrees of blandness and neutrality for which D&G sutures 
are noted. Likewise, procedures for exacting control of these 
qualities in production are important steps in suture manufac- 
turing routine at D&G. 


(Below, right) D&G research activities include the most modern 
facilities for experimental and clinical research. Out of this work 
have come many important contributions to practical knowledge 
of the behavior of sutures and new developments in suture 
materials which have done much to advance surgical facility. 


(Below) D&G studies of physical properties of sutures have 
made possible higher standards of tensile strength and im- 
proved procedures of surface finishing. The D&G Matte Finish 
provides a satin-smooth surface with sufficient traction to cause 
the strand to grip firmly on itself when knotted. 
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The Importance of Right Balance 
of Qualities in Sutures 


Sutures should be correct in every factor that influences behavior. No 
single feature or point of merit can accomplish this. It demands a 
combination of various qualities with the right balance of each to assure 


predictable results in the specific situations in which the sutures are 
to be used. 


As surgery advances, suture requirements become increasingly complex. 
New methods and technics need new types and varieties of sutures, but 
the basic requirements of suture dependability do not change. That is a 


matter of careful control over every phase of production. 


Therefore, in the development of every new product, as well as in the 
production of every established product, the first concern of the suture 
manufacturer should be to achieve the proper relation of vital character- 
istics. The special feature of each type of suture should be developed 
to the highest degree, but always with due regard to the other qualities 
essential to correct function. Thus only may the suture manufacturer 


render the fullest measure of service to the surgeon. 


» 
Sa Highlighting the Factors Essential to Proper Suture Behavior 
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In thesé words the authors* describe 


their experience with Ceepryn, following 
extensive bacteriological and clinical 


studies covering 18,000 surgical cases. 


“There has been no instance of irrita- 
tion, and there have been evidenced no 
idiosyncrasies to the drug. Added to this 
is the important point that we have had 
no postoperative infections during this 
period ... Ceepryn is, in our experience, 


the closest approach to the ideal cuta- 


“The closest 


proach to the 


disinfectant 


deal cutaneous 


neous disinfectant that we have been able 
to find.” 


CEEPRYN 


The Surgeon's Antiseptic 


POTENT * DETERGENT + NEGLIGIBLE TOXICITY 


Ceepryn Concentrated Solution 10.56%—for prepar- 
ing solutions and tinctures of any desired strength— 
180 cc., gallons. 

Ceepryn Tincture 1:200 (Tinted)—4 oz., pints, gal- 
lons. 

Ceepryn Tincture 1:500 (Tinted and Untinted)— 
4 oz., pints, gallons. 

Ceepryn Aqueous Solution 1:1000—pints, gallons. 


Write for literature 


*Kramer, G. B., and Sedwitz, 
S. H.: Ceepryn clinical and 
bacteriological studies, Am. J. 
Surg. 63:240-245 (Feb.) 1944. 


Trademark *‘Ceepryn” 
Reg. U.S. Pat. Off. 


THE WM. S. MERRELL COMPA 


NY 


CINCINNATI, U.S.A. 
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SULFATHIAZOLE 


obtain the topical effect of sul- 
fathiazole in certain infections of 
mouth and throat, without risk of un- 
toward systemic reactions, White’s 
Sulfathiazole Gum offers the advan- 
tages of convenience, palatability and 
effectiveness. 

One White’s Sulfathiazole Gum 
Tablet chewed for one-half to one hour 
promptly initiates a high salivary con- 
centration of /ocally active (dissolved) 
sulfathiazole and maintains through- 
out the maximum chewing period an 
average topical concentration of 70 
mg. per cent. 


This high local concentration is ac- 


WHERE 


complished despite the fact that blood 
levels of sulfathiazoleareextremely low 
and for the most part not quantita- 
tively measurable. 

Indications: Septic sore throat; 
acute tonsillitis, pharyngitis; infec- 
tious gingivitis and stomatitis caused 
by sulfathiazole-susceptible micro-or- 
ganisms; prevention of local infection 
secondary to oral and pharyngeal sur- 
gery (e.g. tonsillectomy). 

In packages of 24 tablets, sanitaped 
in slip-sleeve prescription boxes—on 
prescription only. White Laboratories, 


Inc., Pharmaceutical Manufacturers, 
Newark 7, N. J. 


NEEDED 


e 
y 
: 
g 
: 


SURGERY 


HEADACHE 


in the febrile patient 


Fever, regardless of cause, is often accompanied by 
headache, and the physician must find a dependable 
way to relieve this distressing symptom. 

For years, “Tabloid? ‘Empirin’ Compound has 
been a standby for the febrile patient. The synergis- 
tic action of the acetophenetidin and acetylsalicylic 
acid provides prompt analgesia together with depend- 


able antipyretic action. 


Acetophenetidin . .  g¢r.2'2 (0.162 gm.) 
Caffeine . . . . . gr. 1% (0.032 gm.) 
Acetylsalicylic Acid. gr. 3'% (0.227 gm.) 


BURROUGHS WELLCOME & CO. (U.S.A.) INC. 
9-11 East 41st Street, New York 17, N.Y. 


‘Tabloid’ and ‘Empirin’ are Registered Trademarks 


‘TABLOID’ 


BOTTLES OF 100 AND 500 
Also ‘Tabloid’ ‘Empirin’ Compound with 


Codeine Phosphate, gr. 14, gr. '4 and gr. 14. 
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Powerful, Prolonged Action 


Equally effective on repeated use, this powerful vasopressor 
consistently checks hypotension—produces a rise in blood 
pressure—and maintains it for adequately long periods. 


During spinal and inhalation anesthesia, particularly with cyclo- 
propane, Neo-Synephrine is of value for maintaining adequate 
blood pressure levels and combating peripheral vascular failure. 


LORIDE 


UEVO © @HYDROKY 8 METHYLAM/INO HYPROAY ETHYLBENZENE HYDROCHLORIDE 


Supplied in 1 cc, ampuls; and in rubber-capped vials containing 
5 ce. of sterile 1% solution, Average subcutaneous dose: 0.5 ce. 
Trade Mark Neo-Synephrine Reg. U. S. Pat. Office 


Division 


DETROIT 31, MICHIGAN 


NEW YORK KANSAS CITY SAN FRANCISCO 


WINDSOR, ONTARIO SYDNEY, AUSTRALIA AUCKLAND, NEW ZEALAND 
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SURGERY 


MORE 


With 33-1/3 per cent more of the finest surgical steel “built 
_ into” every Crescent blade, it’s no wonder that under even 
the toughest operative conditions, they resist any tendency 


to bend or weave. 

For war surgery, Crescent exceeded the requirements of 
official “rigidity” and “deflection” tests. And, in civilian prac- 
tice, evidence of their quality is the fact that they are being 
increasingly adopted by leading surgeons as “standard.” 

An unusually keen cutting edge — fine, sensitive balance 
— close uniformity — and marked economy: these represent 
other outstanding features which make Crescent truly the 
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“master blade for the master hand!” 


CRESCENT SURGICAL SALES CO. 
Fourth Avenue New York 16, N.Y. 
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of Fiberglad’ in 


Physicians, surgeons and others 
engaged in medical research 
have, in recent years, employed 
various Fiberglas materials ex- 
perimentally and have found 
them uniquely fitted for cer- 
tain uses. 

For example, Fiberglas cloth 
(ECC-11-108) was used to help 
measure the protein loss in the 
exudate from surface burns. As 
illustrated, the Fiberglas cloth 
was placed next to the burned 
skin of a 12-year-old Negro girl. 
It is the first layer of a bandage 
devised to collect the exudate in 
order accurately to measure ni- 
trogen loss from the burned skin 
surface. The patient was ad- 
mitted to a Detroit hospital in 
January, 1944. The burn, caused 
by hot water, involved about 12 
per cent of the body surface. 
“The burn healed rapidly,” says 
the report in Surgery, “and the 
amount of nitrogen lost in the 


SURGERY 


exudate from the burned area 
diminished as_ healing _ pro- 
gressed.” 

This method of determining 
the magnitude of the protein 
loss from the burned surface 
gives physicians a comprehen- 
sive picture of the metabolic up- 
set for the first time and thus 
will permit improved replace- 
ment therapy. 

Fiberglas is glass in fiber or 
filament form. Glass textile 
fibers, ranging in diameter from 
four ten-thousandths of an inch 
to less than two ten-thousandths 
of an inch are formed into yarns 
which are woven into a wide 
variety of textiles. 

Fiberglas is an _ inorganic, 
nontoxic, nonallergenic, nonsen- 
sitizing and chemically stable 
substance which produces no 
harmful effect upon human tis- 
sue. It is pliable and possesses 
great tensile strength. It has 
high dimensional stability, re- 
sists high temperatures, steam, 
corrosive fumes and acids (ex- 
cept hydrofluoric). Fiberglas is 
nonhygroscopic and noninflam- 
mable. It is easily sterilized and 
resterilized, and in a_ special 
form is radiopaque. 


FIBERGLAS 


*T.M. Reg. U.S. Pat. Off. 


It is the policy of Owens-Corning 

Fiberglas Corporation to supply 

samples of Fiberglas in any avail- 

able form to qualified persons en- 

gaged inresearch. The new brochure 

describing such other pioneering 

uses of Fiberglas as: ‘ 

¢ Tracer Threads in Surgical 
Sponges 

+ Experimental Surgical Sutures 

* Culture of Microorganisms 

* Blood Plasma Filters 

+ Air-borne Bacteria Control 

* Pollen and Dust Control 

+ Penicillin Production 

+ Insulation of Autoclavable Closed 
Motors 

Fiberglas-Plastic Artificial Limbs 

. + « May suggest ways in which 

Fiberglas can help solve other 

problems. Ask your secretary to 

send for your copy today. Write 

Owens-Corning Fiberglas Corpora- 

tion, 2034 Nicholas Building, 

Toledo 1, Ohio. 
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_ Completely conceals all skin discolorations— 


COVERMARK 


for post-operative scars, birthmarks, vitiligo, etc. 
LYDIA O'LEARY, INC., 551 FIFTH AVENUE, NEW YORK 19 ®@ Chicago (2): 30 N. Michigan Ave 


PRINCIPLES AND PRACTICE OF 


WAR SURGERY 


by J. TRUETA, M.D. 


Formerly Director of Surgery, General Hospital of Catalonia, 
University of Barcelona; Assistant Surgeon (E.M.S.) Wing- 
field-Morris Orthopaedic Hospital; Acting Surgeon-in-Charge, 
Accident Service. Radcliffe Infirmary, Oxford. 425 pages, 144 
illustrations. PRICE, $6.50 


5-Point TRUETA Technic 


Prompt surgical treatment. 
Cleansing of the wound. 
Excision of the wound. 
Provision of drainage. 


Immobilization in a plaster-of-Paris 
cast. 


Listed above are the five essential principles in the biological treatment of 


wounds as formulated by Trueta, each and every one of which must be applied 
to ensure the greatest possible success. 


In this new book “PRINCIPLES AND PRACTICE OF WAR SURGERY,” 
Trueta sets forth in complete detail these procedures which he has adopted 
as a result of his experience in the Spanish War and in World War II. 
However the book is not confined to these methods alone, but deals fully 
with such important subjects as shock, transfusion, aerobic and anaerobic 
infections, including gas gangrene and tetanus, chemotherapy, antiseptics, 
anesthesia, skin grafting, amputation, and treatment of burns. 


Graphic illustrations such as those reproduced here supplement the text 
matter, supplying step-by-step visual guidance. You won’t want to miss 
having this authoritative text. Send for it today! 


THE C. V. MOSBY COMPANY, 3525 Pine Blvd., St. Louis 3, Mo. 
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The ideal answer to wound infection — 


IS ITS PREVENTION 


L. Is axiomatic that virtually all wounds are contaminated and: 


thus susceptible to infection. 

Since the presence of infection retards wound healing, its preven- 
tion is a powerful factor favoring healing. 

Azochloramid® is a valuable and widely used germicide for prophy- 
laxis against wound infections. It is effective against many types of patho- 
genic organisms active for prolonged periods even in the presence of 
organic matter virtually harmless to tissue. 

Azochloramid requires a minimum of medical attention and dress- 


ing changes. It is a convenient and economical means of combatting 


infection in most types of contaminated lesions. 
* Trade Mark Reg. U.S. Pat. Off. 


For descriptive literature and sample write to 


Wallace & Tiernan Products, Inc., P. O. Box 178, Newark 1, N. J. 


WALLACE & TIERNAN 


PRODUCTS, INCORPORATED 
Belleville New Jersey 
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BACTERICIDAL 


as well 
as Bacteriostatic 


Comparative tests indicate that 
Iodine has high bactericidal 
efficiency as well as high bac- 
teriostatic powers. Other prep- 
arations tested were shown to 
have high bacteriostatic powers 
but to be low in their bacteri- 
cidal effectiveness. * 


Its demonstrated efficiency as 
a germicide over a long period 
of time has won for Iodine the 
full confidence of surgeons both 
inmilitary and civilian practice. 
*The Relative In Vitro Activity of Certain 
Antiseptics in Aqueous Solution— Robert 


. Nye, Boston, Journal of A.M.A., 
Jan. 23, 1937, Vol. 108, pp. 280-7. 


IODINE 


Iodine Educational Bureau, Inc. 
120 Broadway, New York 5, N. Y. 


* * 


Watsons 


Featuring the 
Injection Treatment 


by LEIGH F. WATSON, M.D., Mem- 
ber of Attending Staff of California 
Lutheran Hospital and Methodist Hos- 
pital at Southern California, Los An- 
geles. 2nd Ed. 591 pages, 281 illus- 
trations. Price, $7.50. 


Hernia is an important surgical 
problem. There is more to it than 
a single method of treatment. To 
know about this condition you must 
be informed on all factors entering 
into its cause, what hernia involves, 
and the various methods ‘for suc- 
cessfully treating each individual 
case. This information is given in 
the Second Edition of Watson’s 
“Hernia.” The coverage is com- 
plete—from Embryology to Legal 
Complications. 


Every method of treatment—sur- 
gical and otherwise—is given, with 
special emphasis on Injection Treat- 
ment. Starting with an interesting 
historical introduction, the author 
considers the various types of her- 
nias, local anesthesia in hernia 
operations, and the numerous opera- 
tive procedures that experience has 
proved to be the best. 


Illustrations are used profusely, 
making it easier to follow the sug- 
gested procedures. The anatomical 
details have been combined with the 
operative technique in the same 
drawings, thus greatly increasing 
the value of the illustrations. In 
all there are 281 illustrations. 


Watson’s “Hernia” is a well 
thought out and timely text, based 
on years of experience. Thanks to 
a great amount of clinical work and 
close observation this second edi- 
tion offers you valuable help for 
the successful handling of your her- 
nia problems. 


The C. V. Mosby Company 
Medical Publishers 
St. Louis 3, Mo. 
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TANTALUM 
...avatlalle lo Civilian Surgeons 


e@ Tantalum, widely used in war surgery, is 
now available in limited supply for civilian use. 
Present experimental and clinical evidence in- 
dicates that tantalum has qualities superior to 
silver, steel and alloys as a metallic substance 
for non-absorbable sutures and other surgical 
use. Investigators report it to be inert, non- 
corrosive and non-electroactive. It produces 
minimal tissue reaction. It has high tensile 
strength, exceptional malleability, and is im- 
permeable. Tantalum is supplied in the five 
forms illustrated. 


Order from your surgical 
supply dealer. 


/ 


* 


@ Sutures, sizes 6-0, 5-0, 4-0, swaged to stain- 
less steel eyeless Atraloc needles. Ethicon Tan- 
talum Sutures are used and tied in same man- 
ner as other non-absorbable sutures. 

e Wire, suturing material on spools, sizes 6-0 
to 4. 

@ Ribbon, for making hemostasis clips. 

@ Foil, used as a sleeve to prevent adhesions. 
@ Sheet, used for cranioplasty and reconstruc- 
tive or plastic repair work. 


Illustrated descriptive literature on request 


Ethicon Suture Laboratories, 
Division of Johnson & John- 
son, New Brunswick, N. J. 


Ethicon Surgical 


Black Braided Silk, U.S.P. Non-Capillary. Specially se- 
lected for surgery, it meets the highest civilian, Army and 
Navy standards. Sizes 6-0 to 5; 25-yd. spools, 
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Like the center of a giant spider web, threads of steel lead 


into Central Terminal from the far reaches of the continent. 
Here, cargoes from the markets of the world are unloaded, 
sorted, and assembled for distribution. Somewhat obscure 
among the many consignments are the therapeutic agents 
destined for the Edward Watson Pharmacy on Market Street. 

As the freight terminal serves the great city, so does Phar- 
macist Watson’s prescription department serve as the health 
center for his community. Pharmacist Watson prides himself 


on the quality and completeness of his stock. Through him, 


medicaments from all of the great drug manufacturers find 
their way to the physician’s office, to the hospital, and to the 
home of the patient. Eli Lilly and Company, Indianapolis 6, 
Indiana, U.S.A. 


AMERTCA BYY WAR BON D'S 
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Original Communications 


Symposit:m on Surgical Lesions of the Thyroid 


DIFFUSE AND ADENOMATOUS GOITER AND GOITER 
INDUCED BY VARIOUS AGENTS 


ALBERT C. Broprers, M.D., Eprru M. M.D. 
RoOcHESTER, MINN. 
(From the Division of Surgical Pathology, Mayo Clinic) 


OITER, like many other pathologic processes, has been thoroughly 

described by numerous writers. In view of the brevity of this 
paper, however, we deem it pertinent to draw on the literature in a 
more or less limited manner and to utilize for the most part our own 
experience in the presentation of the pathology of diffuse colloid goiter, 
diffuse hypertrophic parenchymatous or exophthalmie goiter, and hy- 
pertrophic parenchymatous or exophthalmie goiter with adenomas and 
adenomatous goiter with and without intra-adenomatous parenchyma- 
tous hypertrophy. The diffuse hypertrophic parenchymatous or exoph- 
thalmie goiter and hypertrophie parenchymatous or exophthalmie goiter 
with adenomas have been variously designated Parry’s disease, Fla- 
jani’s disease, Basedow’s disease, and Graves’ disease. In addition to 
the foregoing goiters, we shall eall attention to certain other goiters 
that have been incidental findings in man and deliberately induced in 
experimental animals by various agents. 


DIFFUSE COLLOID GOITER 


The diffuse colloid goiter, which used to be observed frequently 
from prepuberty to late adolescence, according to Haines’ is rarely 
observed today by the clinician. Furthermore, it is almost never seen 
by the surgical pathologist. This type of goiter, as its name implies, 
presents itself macroscopically on section as a vesicular, usually soft, 
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sticky, glistening colloid mass (Fig. 1). On microscopic examination 


the goiter consists of follicles or vesicles of various sizes lined with 
euboidal or flat epithelium and distended with a pale eosin-staining 
(acidophilic) thin colloid (Fig. 2). 


Fig. 2.—Diffuse colloid goiter shown in Fig. 1; follicles are lined for the most part 
with flattened epithelium and contain thin pale-staining acidophilic colloid (hema- 
toxylin and eosin X75). 


| 
a Fig. 1.—Diffuse colloid goiter showing vesicles filled with colloid. 
. 
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Hertzler? attached physiologic, clinical, and pathologic significance 
to the staining properties of colloid. He pointed out that normal col- 
loid is acidophilic and stains pale pink with eosin, that if the stain is 
less intense than normal, the colloid is thin, and that pale-staining 
colloid is usually associated with cellular hyperplasia, is most marked 
in toxic goiters, and is to a degree a measure of toxicity. He further 
stated that thick colloid is indicated when the staining with eosin is 
more intense than normal, that it is commonly present in old goiters 
especially when there is degeneration of the connective tissue, and 


Fig. 3.—Diffuse nonadenomatous exophthalmic goiter in which the normal contour of 

the thyroid is preserved (thyroid-shaped goiter of MacCarty). 
that colloid which stains deeply with eosin is in the last stage of use- 
fulness. The colloid that stains with hematoxylin, or basophilic col- 
loid, he considered pathologic. He stated that basophilic colloid is 
associated with an atrophic and degenerated epithelium and that on 
the whole it is more pronounced in old goiters that are the seat of 
degenerative changes and in goiters associated with heart failure. 
These observations suggest the possibility that colloid of this type is 
representative of a substance which affects adversely the heart fune- 
tion and that those acini which contain basophilic colloid are perma- 
nently functionless. 
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DIFFUSE HYPERTROPHIC PARENCHYMATOUS THYROID OR 
EXOPHTHALMIC GOITER 


Before H. S. Plummer® instituted the preoperative administration of 
compound solution of iodine to patients with exophthalmie goiter, the 
diffuse nonnodular and nonadenomatous hypertrophic parenchymatous 
goiter as seen by the surgical pathologist was a light brownish to 
reddish, fairly fine-grained, firm gland, regular in outline and often 
comparable in appearance to veal or beefsteak. Because its contour 
remains for the most part like that of the normal gland, MacCarty* ° 
termed it a ‘‘thyroid-shaped goiter’’ (Fig. 3). Colloid, although pres- 
ent in all exophthalmiec goiters prior to the universal preoperative 


Fig. 4.—Diffuse nonadenomatous exophthalmic goiter showing follicles of various 
shapes and sizes lined with epithelium that ranges from cuboidal to high columnar 
and containing a small amount of thin pale-staining acidophilic colloid (hematoxylin 
and eosin 125). 


administration of compound solution of iodine, was not an outstanding 
feature at that time. The usual microscopic picture was that of round, 
oval, or irregular follicles lined with epithelium which ranged in form 
from cuboidal to high columnar. The follicles also were characterized 
to a large extent by a papillary infolding of the epithelium and con- 
tained a small to a moderate amount of colloid of varying density 
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(Fig. 4). It was rather unusual to see an exophthalmie goiter of which 
the colloid content was comparable to that of a colloid goiter, 

Since the advent of administration of compound solution of iodine, 
the typical meaty exophthalmie goiter is seen much less frequently 
and has for the most part been replaced by a gland comparable to a 
colloid goiter, although smaller. The change in the exophthalmie 
goiter is undoubtedly attributable to administration of the compound 
solution of iodine. Following administration of compound solution of 
iodine, the epithelium changes from columnar to a low cuboidal or 
flat type and the acini dilate or at least have larger lumina, and their 
colloidal content increases (Fig. 5). This inerease in the size of the 


Fig. 5.—Diffuse nonadenomatous exophthalmic goiter showing the effect of the ad- 
ministration of compound solution of iodine. The cells lining the follicles are for the 
most part flat or low cuboidal with some low columnar epithelium still present. The 
colloid dropped out in preparation of the section (hematoxylin and eosin X100). 


lumina is probably the result of the diminution in the size of the cells. 
Some exophthalmice goiters on the other hand are more or less re- 


sistant to the changes that usually take place after administration of 
compound solution of iodine. 


HYPERTROPHIC PARENCHYMATOUS THYROID OR EXOPHTHALMIC 
GOITER WITH ADENOMAS 


The adenomas (Fig. 6) in hypertrophie parenchymatous thyroid or 
exophthalmie goiter may have follicles lined with columnar epithelium 
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like those seen in the extra-adenomatous portions of the goiter and, in 
addition, other follicles lined with cuboidal] or flattened epithelium and 
more or less filled with colloid. Fetal acini or small undeveloped fol- 
licles lined with cuboidal epithelium and containing little or no colloid 
also may be present. The nodules sometimes observed in hypertrophic 
parenchymatous thyroid or exophthalmic goiters with or without ade- 
nomas differ from the true adenomas of exophthalmie goiter in that 


Fig. 6.—Multiple adenomas in a hypertrophic parenchymatous thyroid or exophthalmic 
goiter. 


they are not encapsulated, rarely contain true fetal acini, and under 
the microscope usually resemble the extranodular part of the goiter. 
In other words the nodules are to a large extent comparable to the 
nodules observed in hyperplasia of the prostate gland. 

In all hypertrophie parenchymatous thyroids or exophthalmie goiters, 
that is, in the diffuse nonnodular, the nodular, and the adenomatous 
types, varying degrees of chronic thyroiditis may be present. The 
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chronic thyroiditis in these goiters is characterized by fibrosis and 
lymphoeytie infiltration of the interfollicular tissue, with or without 
formation of germ centers. This inflammatory reaction is probably 
attributable not t6 bacterial activity but te toxie products of the goiter, 
To some extent this form of thyroiditis may be activated by compound 
solution of iodine, as it has been more in evidence since the therapeutic 
use of compound solution of iodine began. 


METRIC 


Fig. 7.—Partially degenerated, well-encapsulated adenoma of the thyroid. 


Warthin® was of the opinion that the most important histologic 
criterion of Basedow’s disease, toxic adenoma, and so forth is the 
presence throughout the thyroid gland of hyperplastic primitive lymph 
nodes with germinal centers giving evidence of lymphoid exhaustion. 
Warthin observed that in exophthalmie goiter, toxic adenoma, and so 
forth the pathologie picture of hyperplasia of the primitive lymph 
nodes of the thyroid, hyperplasia of the thymus, and other anatomic 
stigmas of the thymicolymphatie constitution is present. He was of 
the opinion that Basedow’s disease, toxic adenoma, and so forth are 
pathologie reactions potentially predetermined at birth by virtue of a 
constitutional anomaly. This constitutional anomaly he preferred to 
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eall ‘‘Graves’ constitution.’? He went further and stated that the 
presence throughout the thyroid gland of hyperplastic primitive lymph 
nodes with germinal centers which give evidence of lymphoid exhaus- 
tion determines the existence of the Graves’ constitution and that 


Fig. 8.—Multiple, variously sized, well-encapsulated adenomas of the thyroid. 


evidence of this constitution may be recognized in the thyroid glands 
of young children. He considered Graves’ constitution to be the un- 
derlying pathologic and clinical entity of exophthalmie goiter, toxic 
goiter, and toxic adenoma. 


ADENOMATOUS GOITER 


Adenomas may occur singly (Fig. 7) but usually they are multiple 
(Fig. 8). They vary markedly in size, from soft to firm in consistency 
and from a light amber to a reddish brown in color; they are encap- 
sulated. They may undergo various types of degeneration, such as 
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hemorrhagic, fibrous, hyaline, caleareous, lipoid (granular), and eystie. 
Macroscopically and microscopically, true adenomas differ from the 
surrounding thyroid tissue. 

At this point we deem it pertinent to state that we agree with the 
following statement in the summary of Graham’s’ classical article. 
He said, ‘‘By analogy and by the principles of general pathology, the 
encapsulated masses of nonlobulated thyroid tissue that do not invade, 
do not metastasize, and do not present histological characteristies 
which may be recognized as those of cancer, should be classified among 
the adenomas until we are sufficiently well acquainted with neoplasms 
from an etiological and biological standpoint to do otherwise.’’ 


Fig. 9.—Adenoma of thyroid (Fig. 7) showing fetal follicles of various sizes and 
two large follicles containing fairly dense acidophilic colloid (hematoxylin and eosin 


Microscopically, the arrangement, shape, and size of the epithelial 
cells vary in different adenomas and in different parts of the same 
adenoma. The cells may appear in diffuse masses without formation 
of acini (undifferentiated fetal adenoma), in small fetal acini with 
small lumina containing no colloid, in large fetal acini with larger 
lumina and with a small content of colloid or in well-developed acini 
lined by cuboidal or columnar cells, and with large lumina filled with 
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colloid. These adenomas usually contain fetal acini or follicles in ad- 


dition to well-developed acini which contain colloid (Fig. 9). Columnar 
epithelium, not infrequently presenting a papillary, infolding effect, 
appears most often in adenomas associated with the hypertrophic, 
parenchymatous thyroid gland of exophthalmic goiter, less often in 
toxic adenoma, a clinical entity recognized and described by HL. 8. 


8-10 


and rarely in nontoxie adenoma. The toxic adenoma can- 
not be distinguished macroscopically from the nontoxic adenoma, nor 
can it always be distinguished microscopically. However, when an 
adenoma of the thyroid gland is seen in which columnar epithelium 


is prominent, it is safe to consider it a toxic adenoma; the degree of 


Fig. 10.—Toxic adenoma on left side sowing follicles of various sizes part of 
which are lined with columnar epithelium with papillary infolding much in evidence. 
There is a well-defined capsule in the middle with practically normal thyroid gland 
on the right side (hematoxylin and eosin x40). 
toxicity probably depends on the amount of columnar epithelium and 
on the size and number of such adenomas in the gland. Johnson" 
found intra-adenomatous hypertrophy in 37.4 per cent of cases in which 
a diagnosis of adenomatous goiter with hyperthyroidism was made, 
whereas in cases in which the diagnosis was adenomatous goiter with- 
out hyperthyroidism he found intra-adenomatous hypertrophy in only 
19 per cent. In order to make a microscopic diagnosis of toxic adeno- 
ma, the columnar epithelium, which may oceasionally be associated 
with a papillary infolding, must be limited to the adenoma. In other 
words, the extra-adenomatous thyroid tissue should be practically nor- 
mal, or at least should not show the microscopic features of exophthalmie 
goiter (Fig. 10). 
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GOITERS INDUCED BY VARIOUS AGENTS 
In recent years certain interesting and important forms of goiter 
have been observed after the administration of a variety of agents. 
Some of these goiters are now coming to the attention of the pathologist. 
One of the first of these forms of goiter to be noted in man was that 
seen in patients receiving thiocyanates over a prolonged period in the 
treatment of hypertension. Occasional enlargement of the thyroid 


gland during the administration of thiocyanates was reported by 
Barker’? in 1936, and by Barker, Lindberg, and Wald'® in 1941. 
Kobacker™ in 1942, Fahlund’’ in 1942, and Foulger with Rose’® in 
1943 each reported an instance of enlargement of the thyroid gland 
following thiocyanate therapy. Rawson, Hertz, and Means,’*?* in 
1942 and 19438, published a thorough study of thiocyanate goiter in 


Fig. 11.—Thiocyanate goiter; the pathologic picture is comparable to that of an 
exophthalmic goiter (hematoxylin and eosin 125). (Courtesy of Dr. Eugene B. 
Potter.) 


man, with histologic and metabolic studies. Potter'® in 1944 reported 
two cases of thiocyanate goiter and described the microscopie findings. 
In these cases the thyroid gland is enlarged but the metabolic rate is re- 
duced. Exophthalmos is present in some eases. The thyroid gland on 
biopsy or resection shows parenchymatous hypertrophy (Fig. 11). The 
gland is cellular; the epithelium is cuboidal to columnar and the colloid 
generally is scanty or absent. The acini are small. Discontinuance of 
thiocyanate therapy or administration of desiccated thyroid results in re- 
turn of the gland to normal size and an elevation of the metabolic rate. 

Astwood,”? and Hertz and Roberts”! produced similar results in rats, 
that is, enlargement and hyperplasia of the thyroid gland and lower- 
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ing of the metabolic rate by the administration of sodium or potassium 
thiocyanate. ‘Simultaneous administration of potassium iodide inhibited 
this effect.?° 

Goiter produced by thiocyanates in many respects resembles a form 
of experimental goiter of great interest since it was first reported by 
Chesney, Clawson, and Webster®? in 1928, the so-called ‘‘cabbage 
goiter’’ or ‘‘eyanide goiter.’’ Marked enlargement and hyperplasia 
of the thyroid gland and a lowering of metabolism developed in rab- 
bits fed on a diet consisting mainly of cabbage. A search for the 
active agent in cabbage and other Brassica plants demonstrated that 
eyanides, particularly methyl cyanide, were effective in producing a 
similar goiter when administered to rabbits.2* Kennedy and Purves* 
found that they could produce goiter in rats by feeding seeds of the 
Brassica family (rapeseed). 

The cabbage goiters and the cyanide goiters, like those produced by 
thiocyanate, can be prevented by the simultaneous administration of 
iodine. The administration of iodine after the development of goiter 
in rabbits, however, resulted in the onset of symptoms of severe, some- 
times fatal, hyperthyroidism.” 

Other important compounds recently found to have powerful goiter- 
producing effects fall mainly in two groups: (1) thiourea and various 
thiourea derivatives and (2) sulfonamides and related substances. 

Kennedy”® in 1942, reasoning that the goiter-producing effect of 
rapeseed might be due to a derivative of urea, injected allylthiourea 
into rats and found that it produced large goiters. Richter and 
Clisby”* in 1941 produced marked hyperplasia of the thyroid of rats 
by administration of phenylthiocarbamide. MacKenzie, MacKenzie, 
and MecCollum** in 1941 found that the administration of sulfaguani- 
dine to rats resulted in enlargement of the thyroid, and in 1942 Mae- 
Kenzie and MacKenzie”® produced goiters by administering thiourea, 
diethylthiourea and allylthiourea as well as sulfaguanidine and other 
sulfonamide compounds. Astwood, Sullivan, Bissell, and Tyslowitz*’ 
in 1943 produced enlarged thyroid glands in rats with both sulfona- 
mide compounds and thiourea. 

The thyroid glands in the animals treated with thiourea and thiourea 
compounds are diffusely enlarged and reddened, and the vessels are 
enlarged. Microscopically the height of the acinar cells and loss of 
colloid from the follicles are increased greatly in this type of goiter. 
The follicles are increased in size and appear to be increased in num- 
ber. The lumina are decreased in size, due in part to many papillary 
projections; some follicles are solid round or oval masses of c¢ells.*° 

Astwood”’ in 1943 tested various compounds and found that 39 out 
of 106 substances used were effective in causing enlargement and hy- 
perplasia of the thyroid gland in rats. He found that thiouracil, a 
derivative of thiourea, was the most effective substance in the thiourea 
group. Of the sulfonamide drugs and other derivatives of aniline, 
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sulfadiazine had the most active effect on the thyroid gland. Feldman, 
Hinshaw, and Mann*' in 1944 in administering to guinea pigs a sulfone 
derivative, promizole, found that the thyroid glands became enlarged 
and hyperplastic. Higgins and Larson*? in 1944 confirmed this result 
in rats. 

It is of interest that the experimental production of goiter by evanides 
and thioevanates has been prevented by the simultaneous admimistration 
of iodine, whereas the goitrogenic effect of thiourea and sulfanilamide 
and related compounds cannot be prevented by administration of 
iodine, but can be prevented by the administration of desiccated thy- 
roid or thyroxin. Administration of desiccated thyroid or thyroxin 
was also effective in reducing goiters after they had developed regard- 
less of whether they had followed administration of cyanides, thio- 
cyanates, thiourea, or sulfonamide compounds, 

It has been assumed that the action of the various drugs whieh 
produce goiter is by means of an inhibition of, or interference with, 
the manufacture of the normal thyroid hormone.'’* ** The resulting 
increase in activity of the thyroid-stimulating pituitary hormone brings 
about hyperplasia of the thyroid cells but does not bring about an 
increase in thyroid hormone, which is in fact reduced to subnormal 
levels. This inhibitory effect has been made use of clinically by the 
administration of thiourea or thiouracil to patients suffering from hy- 
perthyroidism in the form of Graves’ disease.**°* In addition to dis- 
appearance of toxic symptoms and a decrease in the basal metabolic 
rate, temporary increase in the size of the thyroid gland was observed 
in three of nine patients treated with thiouracil by Williams and Bis- 
sell.8° Microscopically the thyroid gland in eases of Graves’ disease 
treated with thiouracil shows extreme hyperplasia with heightened epi- 
thelium, marked papillary infolding, and mitosis in the epithelial cells. 

We should like to take this opportunity to record our impression 
that in the thiocyanate goiter there is more cellular hypertrophy, it is 
therefore more nearly comparable microscopically to an exophthalmic 
goiter, and that the thiouracil goiter is more of a cellular hyperplasia 
with mitosis very much in evidence, and is therefore more comparable 
to a carcinoma of the thyroid. 
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DIAGNOSIS OF THYROTOXICOSIS 


WILLARD O. THompson, M.D., CHicaco, ILL. 
(From the Department of Medicine, University of Illinois College of Medicine 
and the Presbyterian Hospital) 


DEFINITION 

HE term thyrotoxicosis applies to exophthalmic goiter, toxie ade- 

noma, and mixed types of toxie goiter. Many investigators have 
come to the conclusion that the underlying pathology of exophthalmic 
goiter and toxic adenoma is the same and that any differences that are 
noted in the clinical picture are the result of variations in the response 
of the individual patient to the thyroid intoxication. This point of view 
is still not completely established. However, for the purpose of this 
article, all types of toxic goiter may be grouped together under the 
general term thyrotoxicosis. 


SIGNS AND SYMPTOMS OF THYROTOXICOSIS 


The most outstanding manifestations of thyrotoxicosis are: 


CGoiter 
Nervousness and irritability 
Tremor 
Tachyeardia 
Palpitation 
Other signs and symptoms of the disease are: 


Exophthalmos 

Loss of weight in spite of a good appetite 

Increase in basal metabolism 

Dyspnea and, in a few patients, cardiae decompensation 

Increased perspiration, flushing of the skin, and dermographia 

Systolie thrill and bruit over the thyroid 

Emotional instability 

Muscle weakness 

Kase of fatigue 

Fever 

Nausea and vomiting 

Diarrhea 

Pressure symptoms from the goiter 

Scantiness of menstruation and, in a few patients, rather long 

periods of amenorrhea 
Inereased excretion of caleium and decalcification of bone 
Goiter—Some differences between the syndrome known as exoph- 

thalmie goiter and that known as toxie adenoma should be pointed out. 
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In general, the onset of the disease is much more abrupt in patients 
with exophthalmie goiter. Plummer estimated that in the patients 
seen at the Mayo Clinic, fourteen and one-half years elapsed, on the 
average, from the time of appearance of a nodular goiter until the 
onset of hyperthyroidism. The term exophthalmie goiter is a misnomer 
because the disease may be present without exophthalmos and without 


a goiter, although it is most unusual to observe the absence of both 


in the same patient. Even though the thyroid gland may not be en- 
larged, it is usually much firmer than normal and in patients who show 
very little enlargement, the increased firmness may be an important 
diagnostic sign, particularly if it is associated with the presence of a 
systolic bruit over one or both of the superior poles. A bruit and thrill 
do not occur in the normal gland. The problem of diagnosis is some- 
times complicated by the fact that a large portion of the thyroid or 
even all of it may be in the substernal area. As a rule, only a portion 
of the gland lies substernally and when most of it is in the substernal 
space the upper edge can be palpated, particularly when the patient 
swallows. The presence of substernal nodules can often be detected 
by eareful palpation during the act of swallowing. When thyroid tis- 
sue cannot be palpated, it can sometimes be demonstrated by roentgen- 
ray examination of the chest. The rare finding of the thyroid tissue 
below the level of the mediastinum, for example just above the dia- 
phragm, may be borne in mind in some unusual cases in which thyro- 
toxicosis appears to be present but thyroid tissue cannot be located. It 
may be emphasized that it is unusual to be unable to palpate any thy- 
roid tissue in patients with thyrotoxicosis, and goiters that are entirely 
confined to the substernal space so that no portion of them can be 
palpated are rare. 

It is very important to use the correct method of palpating the thy- 
roid. Best results are obtained by standing behind rather than in front 
of the patient. It is preferable to have the patient in the sitting posi- 
tion. The head may, if desired, be rotated slightly toward the side 
to be examined in order to relax the sternomastoid muscle. The trachea 
is displaced to one side by pressing against it with the fingers of one 
hand. The thyroid tissue on the opposite side of the neck may then 
be palpated by placing the thumb behind the sternomastoid and the 
fingers in front, taking care not to confuse muscle tissue with thyroid 
tissue. By manipulating both hands at the same time and having the 
patient swallow, it is possible to palpate almost all thyroid tissue that 
is present in the neck and also to feel the lower extremity of most 
goiters which have some substernal extension and to feel the upper end 
of most truly substernal goiters. Tissue on the opposite side of the 
neck is palpated by reversing the position of the hands and, if desired, 
rotating the head slightly toward that side. It is possible with careful 
palpation to outline all normal thyroid glands. Those that cannot be 
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palpated are usually very small and atrophic. Palpation is of great im- 
portance in doubtful cases. The detection of abnormal thyroid tissue, 
for example the presence of a few small nodules which extend sub- 
sternally, may be the determining factor in deciding whether or not 
the patient has thyrotoxicosis. 

In symmetrical enlargements of the gland with hyperthyroidism, a 
bruit which is systolic in time is frequently heard. It is usually most 
marked over the superior poles and may be audible all over the gland. 
It may or may not be accompanied by a systolic thrill. In nodular 
goiters with hyperthyroidism, a thrill and bruit are usually not heard. 

Pressure symptoms from the goiter are noted in about one-third of 
the patients. They are usually not serious unless the goiter extends 
into the substernal space. Some distortion and compression of the 
trachea may occur. The pressure symptoms of toxie goiter must not 
be confused with the sensation of a lump in the throat which is so ¢om- 
mon in nervous women who do not have thyrotoxicosis. 


Nervous Manifestations.—The nervousness of toxie goiter is fairly 
typical. It is characterized by restlessness, inability to sit still, irrita- 
bility, and sudden fits of weeping without much justification. Many 
patients are easily frightened, worry a great deal, and are very sensitive 
before the onset of the disease. These tendencies are exaggerated after 
the development of toxie goiter. It is not always easy to be certain 


when nervousness and emotional instability are caused by thyrotoxicosis 
and when they are the result of some domestic difficulty or one of the 
other major problems of living. The nervous manifestations may be 
similar in both instances. In the case of toxie goiter, it is the eombina- 
tion of nervousness, irritability, and emotional instability with other 
manifestations of the disease which makes the diagnosis possible. A 
large percentage of patients referred to a thyroid clinic with the tenta- 
tive diagnosis of thyrotoxicosis prove to have no overactivity of the 
thyroid at all and often are nervous women with domestic problems. 

In general, the nervous manifestations of the disease are greater in 
patients with exophthalmie goiter than in those with toxie adenoma. 
Indeed, the presence or absence of emotional instability was considered 
by Plummer to be the most important sign in distinguishing between 
these two diseases. 

Tremor.—The tremor of thyrotoxicosis is fine and rapid in contrast 
to the coarser, slower tremor of Parkinson’s disease. There are, how- 
ever, exceptions to every rule and in some instances the tremor is 
coarse. It should be pointed out that Parkinson’s disease is sometimes 
accompanied by a syndrome resembling exophthalmie goiter. This phe- 
nomenon is of interest in view of the reported production of thyrotoxi- 
cosis in animals by injury to the base of the brain. 

Cardiac Manifestations—Palpitation and tachyeardia are the rule. 
The most common finding is rapid, forceful beating of the heart. The 
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heart beats are often so forceful that they shake the whole chest wall. 
In a few instances the heart rate may be very little increased in spite 
of a great increase in the basal metabolism. In rare instances in which 
complete heart block is present, the onset of thyrotoxicosis may cause 
the heart rate to rise approximately to the normal level. A rough 
parallelism has been noted between the product of the pulse rate and 
pulse pressure and the level of the basal metabolism. 

Dyspnea is common, particularly on effort. The increased work de- 
manded of the heart is sometimes enough to produce cardiac decom- 
pensation, especially when the heart is independently damaged. Both 
transient and prolonged attacks of auricular fibrillation are not uncom- 
mon. Auricular flutter is rare. The onset of auricular fibrillation or 
cardiac decompensation or both usually means that the heart is inde- 
pendently damaged by arteriosclerosis or rheumatic fever. Attacks of 
true angina pectoris are not very common and when they do oceur, 
tend to disappear after the disease has been abolished by suitable treat- 
ment. The presence of thyrotoxicosis must always be thought of in 
patients with unexplained auricular fibrillation and cardiac decompensa- 
tion. The diagnosis is not always easy, particularly when toxic goiter 
oceurs in apathetic individuals. The nervous manifestations of the 
disease may then be almost absent and what few there are can be 
elicited only by the most careful examination of the patient. Cardiae 
decompensation in itself may produce a considerable amount of increase 
in the basal metabolism. 

The dyspnea of thyrotoxicosis is probably due in part to a specific 
chemical effect of the thyroid hormone on the heart muscle, as well as 
to overwork of the heart. The ease with which skeletal muscle fatigues 
in this disease is probably the result of a similar disturbance. Mechan- 
ical factors alone explain only part of the picture. 

Neurocireulatory asthenia is sometimes confused with thyrotoxicosis 
beeause of nervousness, ease of fatigue, rapid foreeful beating of the 
heart, and some increase in pulse pressure. Exophthalmos is not pres- 
ent. There is usually no goiter and the basal metabolism is normal. 

Exophthalmos.—Exophthalmos of varying degree is noted in from 
60 to 70 per cent of patients with exophthalmie goiter but is not com- 
monly noted in persons with nodular goiters and hyperthyroidism. In 
determining the degree of exophthalmos, it is important to bear in mind 
the natural prominence of the patient’s eyes before the onset of the 
disease. Puffiness of the eyelids is a very characteristic finding and is 
sometimes of more diagnostic value than exophthalmos. The prom- 
inence of the eyes may vary greatly in the same patient from time to 
time and varies greatly from patient to patient. One eye is often more 
prominent than the other. A great variety of eye signs have been 
described but only two of them are of much practical importance, 
namely, lid lag (von Grife) and poor convergence (Moebius). As the 
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exophthalmos increases, the movements of various extraocular muscles 
may be impaired, producing many abnormalities in the movements of 
the eyeball. When the condition is so marked that the eyelids cannot 
be closed, there is great danger of the development of a corneal ulcer. 
The condition may be so extreme that a prolapse of the eyeball occurs 
and it is occasionally necessary to resort to operative procedures in order 
to correct these malignant forms of exophthalmos. Exophthalmos may 
be the first sign of exophthalmie goiter and may precede the onset of 
an increase in basal metabolism by as much as six months. Bilateral 
exophthalmos means exophthalmie goiter until proved otherwise. When 
the condition is strictly unilateral it is necessary to consider the possi- 
bility of a tumor of the orbit pushing the eyeball forward. 

Loss of Weight—One of the most characteristic features of toxie 
goiter is loss of weight in spite of an increase in appetite. This phe- 
nomenon is the result of the increase in basal metabolism. Loss of weight 
is not invariable and weight may be gained if the ingestion of calories 
is sufficient to exceed the expenditure. The loss of weight may be rapid 
and extreme and, in general, the greater the loss of weight the more 
serious the condition of the patient. In gauging the risk of operation 
more attention is paid to the general nutritional state of the body than 
to any other factor. The most common conditions in which similar ex- 
treme loss of weight may be encountered are diabetes mellitus, pul- 
monary tuberculosis and other chronie infections, and carcinoma. The 
excretion of nitrogen in the urine of patients with toxic goiter may be 
very high, indicating rapid breakdown of tissue. For this reason, it is 
very important that the diet be high not only in calories but also in 
protein. 

In diabetes mellitus weight is sometimes lost in spite of a good appe- 
tite. The presence of large amounts of sugar in the urine leaves little 
doubt about the diagnosis. However, toxic goiter and diabetes mellitus 
sometimes occur together. The diagnosis is then made by the finding of 
a high basal metabolism, goiter, nervousness, increased perspiration, and 
all the other manifestations of toxie goiter, together with the presence 
of large quantities of sugar in the urine and other manifestations of 
diabetes mellitus. While traces of sugar may be found in the urine of 
patients with toxie goiter without diabetes, the presence of large quan- 
tities almost invariably means that the patient has diabetes mellitus. 
When the glycosuria is mild and requires only small amounts of insulin 
for its control, it may disappear after a thyroidectomy. 

Although pulmonary tuberculosis is commonly stated to be confused 
with toxie goiter, in our experience it rarely presents any problem. 
Pulmonary tuberculosis does result in loss of weight, tachyeardia, and 
ease of fatigue, but is readily distinguished from toxie goiter by the 
poor appetite, normal basal metabolism (unless a fever is present) 


: 
= 
2 


652 SURGERY 


absence of goiter, characteristic roentgen-ray findings, and the recovery 
of tubercle bacilli in the sputum and fasting gastric contents. 

Gastrointestinal Symptoms.—Diarrhea occurs in less than one-third 
of the cases and usually in the more severe ones. An increase in ap- 
petite is the rule but in a few patients nausea and vomiting are noted. 
When present, they indicate that the disease is very severe and are 
strong presumptive evidence of an impending crisis. They are to be re- 
garded in the most serious light and mean that treatment must be 
started at once. They sometimes persist in spite of the administration 
of iodine and under these circumstances indicate a bad prognosis. 

Muscle Weakness.—Muscle weakness is almost always present to some 
extent and is easily demonstrated by difficulty in stepping up on a chair. 
The intensity of muscle weakness and emotional instability are directly 
related to the severity of the disease and the risk involved in operation. 
The development of muscle weakness is undoubtedly the result of a 
chemical disturbance in the muscle and is probably related to the metab- 
olism of phosphocreatine. Muscle weakness diminishes as weight is 
gained during the administration of a high calorie diet which is high 
in protein. 

Ease of Fatigue.—Ease of fatigue goes hand in hand with muscle 
weakness and bears a direct relationship to the severity of the disease. 
However, exceptions are noted and in some patients the disease produces 
at first an exhiliration and apparently increases the capacity for work. 

Cutaneous Manifestations——The skin is commonly warm, moist and 
flushed, although pallor may be present and there may be little increase 
in perspiration. The skin flushes easily just as it does in women with 
the menopausal syndrome and there is usually a dermographia. 

Fever.—The temperature of the body is usually normal but in ocea- 
sional instances a moderate elevation of the temperature appears to be 
explained only by the presence of thyrotoxicosis. 

Menstrual Disturbances ——Seantiness of menstruation is common in 
toxic goiter just as profuse bleeding is common in hypothyroidism. The 
intermenstrual periods may be greatly prolonged. The longest period 
of amenorrhea which we have observed is nine months. 

Effect on Calcitum Metabolism.—Hyperthyroidism results in an in- 
creased excretion of calcium in the urine without any change in the 
concentration of caleium in the serum, in contrast to hyperparathy- 
roidism which causes an increase both in the excretion of calcium in the 
urine and in the concentration of calcium in the serum. When hyper- 
thyroidism is present for a long period of time, extensive decalcification 
of bene may result if the intake of calcium is low. Spontaneous frac- 
tures have been reported in rare instances as a result of this change. 
A minister is reported suddenly to have grown two or three inches 
shorter one Sunday while preaching, a few weeks after a thyroidectomy. 
He had suffered from spontaneous fractures of two vertebrae. On 
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roentgenologie examination the only change noted in hyperthyroidism 
is uniform decalcification. The bone cysts characteristic of hyper- 
parathyroidism are not observed. 

Increase in Basal Metabolism.—The most important laboratory guide 
to fluetuations in thyroid function is the determination of the basal 
metabolism. However, it is not to be relied upon too greatly and is not 
a substitute for a careful history and physical examination. It is, how- 
ever, a very important aid in diagnosis and in following the effect of 
treatment. Too much emphasis cannot be placed upon the value of 
determining the level of basal metabolism instead of relying upon a 
single test. Before carrying out any treatment, the metabolism should 
be determined on successive days until a level is reached. Only in 
this way is it possible to determine the severity of the disease as judged 
by the amount of increase in basal metabolism and also to measure the 
effect of treatment, in particular that of iodine. In hospital patients 
the first metabolism is, on the average, about fifteen points higher than 
the level which is subsequently established. If a single determination 
is relied upon, false conclusions may be drawn. If the elevation is 
only moderate, the metabolism may drop to normal when it is repeated. 
False diagnoses of thyrotoxicosis may thereby be avoided. The amount 
of elevation of the basal metabolism bears a rough relationship to the 
severity of the disease, although many exceptions are noted. In gen- 
eral, the rate must be consistently elevated 15 per cent or more above 
the normal before it can be concluded that thyrotoxicosis is present. In 
doubtful cases, the influence of iodine or thiouracil on the rate of 
metabolism may be of diagnostic value. If the metabolism is reduced 
and the svmptoms are alleviated during the administration of iodine 
or thiouracil, and the two increase when the administration of these 
drugs is discontinued, it may be assumed that thyrotoxicosis is present. 
The response to iodine is of special value when the increase in metabolism 
is slight and yet the symptoms of the disease appear to be definite. 
Under these circumstances, the administration of iodine may reduce the 
metabolism to a normal or even to a subnormal level. In rare instances, 
particularly following a subtotal thyroidectomy, patients appear to be 
thyrotoxie in spite of the presence of a normal level of metabolism. 
In such patients the rate may drop to between minus 15 and minus 
25 per cent in association with clinical improvement. Nervousness will 
reappear when iodine is omitted and the metabolism rises to normal. 
In such patients the subnormal level of metabolism produced by iodine 
may possibly represent their true normal level, so that a standard normal 
level would be, for them, a thyrotoxie one. In other patients with a 
normal level of metabolism following operation, the administration of 
iodine may produce myxedema with a lowering of the metabolism. These 
abnormalities disappear when the administration of iodine is diseon- 
tinued. 
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Observation of the influence of thiouracil on the basal metabolism 
may now be substituted for that of iodine in many patients as a diag- 
nostic procedure. The chief objection to thiouracil for this purpose is 
that a much longer period of time is required for the maximum effect 
on the metabolism to appear (from thirty to thirty-five days, com- 
pared with from seven to ten days for iodine). 


OTHER DISEASES IN WHICH THE BASAL METABOLISM IS ELEVATED 


Thyrotoxicosis is not the only cause of an increase in basal metabolism. 
It may be elevated in the following conditions: 


Acromegaly 
Lymphatic and myelogenous leucemia. 
Essential hypertension 
Overdose of desiccated thyroid or thyroxine 
Administration of various drugs such as dinitrophenol, 
dinitro-ortho-cresol, diiodothyronine, adrenalin, caffeine, 
atropine, camphor 

. Exercise 

. Ingestion of food 

Fever 

. Pregnancy 
10. Cardiae decompensation 
11. Polyeythemia vera 
12. Pernicious anemia 


Acromegaly.—In some patients with acromegaly a syndrome resem- 
bling exophthalmie goiter may be present with moderate exophthalmos, 
goiter, palpitation, tremor, increased perspiration, and a high basal 
metabolic rate. These symptoms are the result of overproduction of the 
thyrotropie factor by the anterior lobe of the pituitary. Indeed, over- 
production of this factor may be an important cause of thyrotoxicosis. 
When acromegaly is well developed, the diagnosis is easy. In the early 
stages of the disease before the skeletal changes have become clear-cut, 
it may be difficult to determine whether acromegaly is present or not. 
Accurate diagnosis is important because when thyrotoxicosis is asso- 
ciated with acromegaly, it is treated by attacking the pituitary and not 
the thyroid. It should be emphasized that in the thyrotoxicosis accom- 
panying acromegaly, a reduction in basal metabolism is noted during 
the administration of iodine, just as it is in thyrotoxicosis without 
acromegaly. 

The Leucemias.—Increases in basal metabolism of as much as 70 per 
cent may be noted in patients with lymphatic and myelogenous leu- 
cemia. The increase appears to be somewhat proportional to the in- 
crease in the white cell count and is reported to drop when the disease 
improves with roentgen-ray therapy. The clinical pictures in the leu- 
cemias are so different from those presented by thyrotoxicosis that they 
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rarely give rise to problems in diagnosis, although exophthalmos, high 
pulse rate, and increased sweating may be present. There are reports 
of confusion in the literature. 

Essential Hypertension—I a fairly large percentage of patients with 
essential hypertension there is an inerease in basal metabolism of as 
much as 30 per cent. Its cause is obscure. When associated with a 
goiter, it sometimes results in an incorrect diagnosis of thyrotoxicosis 
and leads to a thyroidectomy. It does not disappear, however, following 
this operation. Observation of the influence of iodine and thiouracil 
on the basal metabolism in these patients is of great diagnostic value. 

Overdose of Desiccated Thyroid or of Thyroxine—In a few obese 
patients a syndrome resembling thyrotoxicosis is observed following the 
ingestion of excessive amounts of desiccated thyroid or of thyroxine for 
purposes of weight reduction. Elevations in basal metabolism of as 
much as 50 per cent are sometimes observed. If the patient happens 
to have a goiter, the presence of loss of weight, tremor, increased perspi- 
ration, and palpitation may make the diagnosis difficult. In doubtful 
eases it is always wise to inquire about the ingestion of thyroid products. 
Symptoms disappear promptly following the omission of the drug. 

Administration of Various Drugs.—Increases in basal metabolism 
from the administration of various drugs do not present very much 
of a diagnostic problem. Great increases in metabolism may be pro- 
duced by dinitrophenol and dinitro-ortho-cresol, which appear and dis- 
appear much more quickly following the administration and omission 
of these drugs than after the administration and omission of the thyroid 
hormone. The elinieal picture produced by these two drugs is quite 
different from that produced by thyrotoxicosis. For example, patients 
with myxedema remain myxedematous when the basal metabolism is 
raised from minus 40 per cent to normal by their administration. 
Diiodothyronine (thyroxine minus 2 atoms of iodine) produces an in- 
erease in basal metabolism which also appears and disappears more 
quickly following the administration of the drug, than does that pro- 
duced by the thyroid hormone. This material is used only experi- 
mentally and therefore does not present a problem in diagnosis. Ad- 
renalin produces a moderate increase in basal metabolism which reaches 
its maximum in fifteen minutes and disappears in sixty minutes after 
administration of a single dose. Following a single dose of 10 mg. of 
thyroxine intravenously to an individual with a normal level of metab- 
olism, the maximum increase appears within two to three days and dis- 
appears within twenty days. In patients with myxedema, the maximum 
appears within three to ten days and disappears within seventy to 
ninety days. Overproduction of adrenalin may present a diagnostic 
problem in rare instances in which there is a tumor of the adrenal 
medulla. Other manifestations of the disease are different from those 


of thyrotoxicosis and tend to occur in paroxysms. Caffeine is reported 
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to cause an increase in basal metabolism of from 7 to 23 per cent in a 
dose of from 0.5 to 0.7 Gm. and atropine and camphor are reported to 
produce somewhat smaller increases. The minor effects of these drugs 
merely emphasize the necessity of carrying out basal metabolism de- 
terminations under basal conditions. 

Evercise.—There is a direct relationship between heat production in 
muscular exercise and the amount of energy expended in the muscular 
activity. There is a direct parallelism between the minute volume of the 
heart and the increase in basal metabolism. 

Ingestion of Food.—Slight inereases in basal metabolism have been 
observed following the ingestion of various foodstuffs, particularly 
protein, which exerts a specific dynamic action greater than that of 
carbohydrate or fat. Following the ingestion of very large quantities 
of protein and basal metabolism may rise as much as 20 per cent. 

Fever.—An increase in basal metabolism has been noted in patients 
with fever, which amounts approximately to 7 points for each degree 
Fahrenheit that the temperature is raised and 10 points for each de- 
gree centigrade. 

Pregnancy.—Increases in basal metabolism of as much as 25 per cent 
may be noted in the last three months of pregnancy. The increase has 
been commonly considered to be proportional to the combined surface 
area of the mother and child, although some of the increases are greater 
than could be accounted for in this manner. In rare instances, increases 
of as much as 40 per cent have been noted and seem to be explained 
only by some hormonal change involving increased production of thy- 
roxine, which in turn may be secondary to some pituitary disturbance. 
In patients with goiters, either before or after thyroidectomy, it is not 
always easy to be certain when an increase in basal metabolism is en- 
tirely the result of the pregnaney and when it is the result of some 
overactivity of the thyroid. A diagnostic¢ trial of iodine administration 
may be helpful. 

Cardiac Decompensation._-In patients with cardiac decompensation 
the basal metabolism may rise as much as 50 per cent above normal. 
This increase rarely presents a diagnostic problem because it is unusual 
to earry out basal metabolism determinations in patients with cardiac 
decompensation. 

Polycythemia Vera and Pernicious Anemia.—In polycythemia vera 
and pernicious anemia slight increases in basal metabolism have been 
reported but these diseases do not present diagnostic problems. 
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THE HEART AND CIRCULATION IN PATIENTS 
WITH HYPERTHYROIDISM 


Rosert W. Kreron, M.D., Cuicaco, IL. 
(From Department of Medicine, University of Illinois, College of Medicine, and 
Illinois Research and Educational Hospitals) 


HE problems encountered in the treatment of the heart in patients 

with hyperthyroidism can best be understood by a study of the 
effects of hyperthyroidism on the physiologic behavior of the normal 
circulation. It is clear that if the patient has already acquired heart 
disease prior to the hyperthyroidism the pathologie changes will be 
influenced by both processes. In general the changes in the physiology 
of the circulation can be attributed largely to overwork and under- 
nutrition. This discussion will be guided by this concept. 


RESPONSE OF THE CIRCULATION TO THE 


PRODUCTION OF EXTRA HEAT 


Peripheral Blood Flow.—The patient with hyperthyroidism has an 
increased energy expenditure and a corresponding heat production. 
The heat is liberated within the body, largely in the muscles, and is 
transported to the surface by the blood. The surface is a complex 
structure composed of three units which are functionally integrated to 
regulate the loss of heat. The outer or papillary layer has immediately 
beneath it, capillaries through which the blood flows from the arteri- 
oles, and it is exposed to the temperature of the surrounding environ- 
ment. Beneath this is a subpapillary laver of capillary and venous 
plexuses. According to Wollheim' this layer acts as a reservoir in 
which the blood becomes trapped and through which the blood moves 
from five to twenty-five times slower than in the adjacent end eapil- 
laries of the skin papillae. Attention has been drawn previously to 
this depot function of the skin by Meek and Eyster.* The blood thus 
withdrawn from the circulation may at times amount to 1,800 e¢e. 
Finally there is the subeutaneous layer, which contains variable 
amounts of fat and a plexus of larger vessels. The quantity of fat and 
fluid present in this layer modifies its character and changes its capa- 
city for the transfer of heat.* 


As the blood circulates through this surface layer its temperature 
is reduced and approximates that of the surface of the skin. The rectal 
temperature measures the temperature of the blood at the sites of 
heat formation and at its entrance to the surface. The difference be- 
tween the skin and rectal temperatures gives the gradient of heat 
flow. If the rectal temperature does not change, then all the heat 
produced is being eliminated. Knowing the amount of heat produced 
in a unit’s time (basal metabolic rate), the specifie heat of the blood, 
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and the difference between the skin and rectal temperatures, the quan- 
ity of blood required to deliver this amount of heat to the surface 
ean be computed. This quantity of blood represents the peripheral 
blood flow. If the peripheral layer is exposed to a cool environment, 
loss of heat by radiation oceurs readily, the skin temperature is de- 
creased, the gradient of heat flow is increased, and a smaller blood 
flow will be required. If the environment is warm but relatively dry, 
then the insensible perspiration is easily vaporized, the surface is 
cooled, the gradient is maintained, and the blood flow is reduced. Un- 
der hot moist environments (tropical conditions), the surface cannot 
be cooled, the gradient will be reduced, and the blood flow will be in- 
creased to a maximum. Unless the heat produced in a unit’s time can 
be transported to the surface and eliminated in the same unit of time, 
it will be stored in the body and its storage will be reflected in the 
rise of the rectal temperature. Increase in rectal temperature is as- 
sociated with an increase in heat production of 7 per cent for every 
degree rise (F.) in temperature. Thus storage of heat leads to the 
development of a vicious cycle. Keeton and co-workers* using this 
method have reported that normal subjects exposed to hot moist en- 
vironments may increase their peripheral blood flow as much as seven 
times as compared to the blood flow under comfortable conditions. 
Under such an increased blood flow there was no storage of heat and 
no increase in heat production. Stewart and Evans’ using similar 
methods have studied the peripheral blood flow in patients with hyper- 
thyroidism who were exposed to an average environmental tempera- 
ture. They found that the peripheral blood flow bears a linear rela- 
tionship to the basal metabolic rate, and concluded that this inerease 
in blood flow was correlated with heat disposal. The clinical signs of 
maximal vasodilatation seen in hyperthyroid states are familiar to all. 
They consist of the warm, moist, flushed skin, capillary pulsation, and 
low diastolic blood pressure. 

Increase in Blood Volume.—lf the blood flow through the periphery 
is increased from three to seven times it is obvious that the extra 
blood must be obtained by either shunting it from the interior (vi- 
scera, lungs, muscles) to the surface or by inereasing the circulating 
volume. Keeton and associates® have shown in conditions where there 
is an embarrassment in heat elimination unassociated with an inerease 
in heat production the circulating blood volume is not regularly in- 
creased. The blood is obtained by shunting it from the interior. 
The extra blood is obtained from the reserve depots, the subpapillary 
layer of skin, spleen, liver, and lungs. The conversion of a slowly 
moving stream of blood normally present in the subpapillary layer 
to a rapidly moving one, and the establishment of a free access of the 
circulating blood volume to this peripheral layer serves the double 
purpose of giving a larger volume of blood for the convection of the 
heat and a more advantageous disposition of the blood for heat loss. 
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In hyperthyroidism with its extra heat production, the peripheral 
blood flow is maintained not only by shunting blood from the interior 
but also by an actual increase in blood volume.’ 

Acceleration of Blood Flow.—In the normal subject at work, extra 
heat is produced. The heart responds by increasing its rate and its 
output per minute. This adjustment may be explained, in part, as 
secondary to the increased filling of the heart and the inereased cireu- 
lating volume. In hyperthyroidism the increase in eardiae output 
is greater at the same oxygen consumption than it is in work. This 
suggests that the heart in hyperthyroidism is hyper-reactive and that 
there are other factors than the demand for the transport of extra 
heat operative. This view is supported by the report of various in- 
vestigators® who found that if a rabbit is rendered hyperthyroid by 
thyroid feeding and the heart is then removed, the isolated organ 
continues to beat at a rate much faster than the heart of a normal 
control. This view is further supported by the clinical observation 
that in patients with good compensation tachycardias exist which are 
out of proportion to the increases in their basal metabolic rates. This 
acceleration of the circulation can be approximately measured by de- 
termining the circulation time (arm to tongue). Clinically this aetiv- 
ity of the circulation is revealed by a diffuse precordial pulsation, 
widespread pulsations of the arteries, loud abrupt apical heart tones, 
and inereased pulse pressure. 


BEHAVIOR OF THE CIRCULATION IN VASOMOTOR INSTABILITY WITH 
NORMAL HEAT PRODUCTION 


The circulatory adjustments of patients with vasomotor instability 
must be understood if errors in diagnosis are to be avoided. These 
patients present bizarre clinical pictures, and are classified variously 
by the examining physicians. One man will say that the patient is 
. suffering from somatie fixation, another will find that he has a eardiae 
neurosis or anxiety state, but all will wonder whether the patient may 
not have hyperthyroidism. It is quite helpful to think of these indi- 
viduals as suffering from vasomotor instability and to assume that 
there may be many causes for this instability. The differential diag- 
nosis hinges on the fact that although they may appear to be produc- 
ing extra heat, in reality they have a normal heat production. If one 
looks for signs of inereased peripheral blood flow, they will be lack- 
ing. The skin may be flushed over the face and neck, but it will not 
be rosy elsewhere. If the hand is held over the skin a sensation of 
warmth will not be felt as in hyperthyroid patients. The skin may 
be moist in places but it feels cold. Goldbloom® has shown that in 
these patients neither the blood volume nor the cardiae output is 
increased. The physiologic difficulty lies in the adjustment of heart 
action to the changing vascular bed produced by reflex stimulation 
of various types. The patients often have an irritable cartoid sinus. 
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Pressure over the sinus may not only slow the heart significantly but 
it may also inhibit inspiration. It is quite certain that there is a 
similar irritability of the reflexes originating from the arch of the 
aorta. These patients may have episodes of tachycardia precipitated 
by a change in their position from the horizontal to the vertical. They 
appear at times to be suffering from orthostatic hypotension. If one 
takes a circulation time during an episode of tachyeardia it will be 
shortened. If, however, this is repeated under basal conditions at 
the same time as the metabolic rate a normal circulation time will be 
observed. 

One may also be misled by the increase in the metabolic rate (25 
to 35 per cent) when taken by the oxygen consumption method. If 
the respirations of these subjects are observed, they will be found to 
be irregular, at times quite shallow, and at other times unusually 
deep and sighing in character. This can be seen best on examination 
of the spirometer tracings taken while the subject is breathing oxygen. 
In the protocals of Goldbloom® it was noted that the respiratory quo- 
tients tended to be high. This would indicate that at times hyper- 
ventilation was occurring. The patients often have a subeyanotie color 
to the finger tips. Hick and associates'® have found in some cases a 
definitely low oxygen saturation of the arterial blood. One can, there- 
fore, understand that if a patient has a low oxygen saturation of 
hemoglobin, he would show an increased oxygen utilization when al- 
lowed to breathe oxygen. In this manner a false positive increased 
metabolic rate would be obtained. 

The definitive diagnosis can usually be made by searching the pa- 
tient’s history for evidence of extra heat production, by studying the 
quantity of food eaten, the changes in his weight, and above all by 
looking for psychoneurotie episodes and causes for social maladjust- 
ment. With such information in hand one can critically re-interpret 
laboratory data. If, on reviewing these, an elevated or high normal 
blood cholesterol was discovered, one would be quite loath to make a 
diagnosis of hyperthyroidism. 


BEHAVIOR OF THE CIRCULATION IN ESSENTIAL HYPERTENSION 


In essential hypertension there is no increase in heat production. 
The peripheral blood flow is not increased and the cardiae output is 
normal or low.’! The circulation time also is within normal limits 
unless decompensation is present.’2 Many patients develop anxiety 
states when they find that they have hypertension. Vasomotor insta- 
bility appears and the metabolic rate is often elevated. In such cases 
one again must resort to a eritical clinical study of the patient, re- 
peated circulation times, and a study of the blood cholesterol values 
to arrive at a correct diagnosis. It is of course appreciated that pa- 
tients with hypertension commonly develop hyperthyroidism. They 
will then show the diagnostic findings of hyperthyroidism. 
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FACTORS CONTRIBUTING TO CIRCULATORY FAILURE IN HYPERTHYROIDISM 


Inadequate Nutrition of the Heart.—The magnitude of the energy 
expenditure in a patient with severe hyperthyroidism who has not re- 
ceived adequate treatment is not commonly appreciated. If we assume 
that a normal subject with a basal energy expenditure of 1,500 ealo- 
ries develops hyperthyroidism with a metabolic rate of plus 75 per 
cent, his basal expenditure will be 2,625 calories. If he leads a sed- 
entary life, his requirements will be basal plus 30 per cent (3,412 
calories). If he does moderate work they will rise to basal plus 50 
per cent (3,937 calories). Plummer and Boothby’? have noted that 
the ‘‘cost of work’’ is greater in hyperthyroid than normal patients. 
This is due not only to unnecessary movements but also to the greater 
than normal oxygen consumption required for a given task. The 
patient’s movements are excessive due to the tremor and he often 
spends a good portion of the night in extra activity tossing from one 
side of the bed to another. It is, therefore, safe to say that a patient 
with a hyperthyroidism of this severity attempting to work will have an 
energy expenditure nearer to 6,000 to 7,000 than 4,000 calories. If 
such a patient should be exposed to a spell of hot weather with a 
relatively high humidity then he would be crippled in eliminating 
heat. Some of it would be retained and this would cause a further in- 
crease in his energy expenditure. 

It is quite a problem for a man to eat 7,000 calories of food. In the 
first place, it cannot be secured in the ordinary diet without definite 
planning to include large quantities of fat. Hence, the probability that 
the uninstructed individual would select this amount of food is small. 
Further, the fatigue and exhaustion from which he is suffering would 
reduce his appetite and inerease the gastrointestinal irritability to 
preclude the possibility of his eating that quantity of food. Consequent- 
ly, the patient develops a sharp deficiency in his calorie intake, and 
a state of semistarvation is established. The inroads of starvation are 
grossly recognized by the disappearance in the fat stores, and the 
atrophy of the muscles. He develops a negative nitrogen balance and 
the urine is found to contain creatin. These findings indicate that a 
rapid destruction of muscle tissue is occurring. As soon as extra food 
is taken the creatin disappears and the negative nitrogen balance is 
converted into a positive one. The positive nitrogen balance will be 
maintained for a long time. This persistence of a postive nitrogen 
balance following adequate calorie intake is also seen in the conval- 
escent period of many infectious diseases, notably typhoid fever and 
tuberculosis. The tachycardia in infectious diseases is unrelieved by 
drug therapy, but it is slowly relieved by rest and diets adequate in all 
respects. It would seem that a state of starvation has a deleterious 
effect on the heart muscle. In accord with this conception is the redue- 
tion in glyeogen content of heart muscle occurring in experimental 
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hyperthyroidism.’* Cowgill and his associates!’ reported that the onset 
of symptoms of B deficiency occurred more rapidly in dogs treated with 
thyroxin than in untreated ones. Sinee that time evidence has rapidly 
accumulated’® that the hyperthyroid patient requires more thiamine 
than the normal subject, that he probably is somewhat wasteful in his 
use of it, and that its concentration in his liver is subnormal. The 
preoperative use of supplementary doses of thiamine in thyrotoxie 
patients is now a routine procedure in many e¢linies. Attention’’ has 
been ealled to deficiencies of other members of the B complex group 
in severely toxie hyperthyroid patients. That thiamine deficiency may 
be responsible for anatomic changes in the heart muscle is indicated 
by studies in pigs. Follis, Miller, Wintrobe, and Stein'® have shown 
that their thiamine-deficient pigs die a cardiac death. They had labored 
breathing and cyanosis which was aggravated by exercise. Autopsy 
revealed edema of the lungs, eardiae dilatation, and foeal necrosis in 
muscle fibers of the auricles and ventricles. In animals to which small 
amounts of thiamine were administered, widespread searring of the 
musculature was observed. 


CHANGES IN RATE AND RHYTHM 


Tachycardia.—It is well known that an apparently normal heart 
subjected to a bout of paroxysmal tachyeardia may develop failure as 
a result of the acceleration. During such periods of acceleration the 
output may be diminished as much as 33 per cent and at times the 
arterial pressure falls..° The filling of the ventricle is retarded by 
the short diastole and by the contraction of the auricle while the vent- 
ricle is still insystole. The decrease in diastole and the drop in aortie 
pressure renders the coronary circulation less efficient. Starling and 
Visscher”? using the heart-lung preparation have shown that accelera- 
tion in rate diminishes the mechanical efficiency of the heart. In hy- 
perthyroidism moderate increases in rate can be attributed to the in- 
ereased blood volume and filling of the heart as deseribed by Bain- 
bridge.” In the faster tachyeardias there are other factors operative, 
which cannot be regarded as physiologic. These are the increased 
thyroxin content of the heart muscle, and exhaustion. One can now 
appreciate the statistical reason for the poor prognosis in patients with 
excessively rapid heart rates. One should not indulge in optimism 
because of the absence of signs of failure. An elevated venous pres- 
sure is beneficial since it facilitates the filling of the heart and increas- 
es the cardiae output. These rapid hearts with normal venous pres- 
sures are quite vulnerable to acute failure. It is highly probable that 
sudden anesthetic deaths occasionally seen in hyperthyroid patients, 
who were apparently well compensated, are attributable to this mech- 
anism. 

Auricular Fibrillation.—A bout of paroxysmal fibrillation has a defi- 
nite adverse effect on the heart. The eardiac output may be reduced as 


Me 


KEETON: HEART AND CIRCULATION WITH HYPERTHYROIDISM 663 


much as 25 to 30 per cent,?? due to the reduction in the blood contributed 
by the auricular systole. The venous pressure is normal and is unable 
to compensate for the auricular failure. The conductivity of the 
bundle of His is unimpaired and so the ventricular rate tends to follow 
that of the auricles. The diastole shortens, the heart muscle becomes 
fatigued, the coronary flow inadequate, and the pulse deficit greater. 
Fortunately one has available in quinidine a drug effective in restor- 
ing normal rhythm. This drug should be used promptly and given 
in doses sufficient to abolish the fibrillation. Conditions are somewhat 
different in patients with chronic fibrillation. They are frequently 
comfortable and may be oblivious of their eardiae irregularity. Their 
behavior is in sharp contrast to the uncomfortable and disturbed state 
of the patient with a bout of paroxysmal fibrillation. In chronie fibril- 
lation there is usually cardiac decompensation of sufficient degree to 
elevate the venous pressure, which insures filling of the ventricles 
and compensates for the loss of auricular systole. In the elderly pa- 
tient with arteriosclerosis there is already some impairment in con- 
ductivity of the bundle of His. The ventricular rate is correspond- 
ingly slowed and the pulse deficit is not so great. 

Auricular Flutter—The same situation prevails as in fibrillation. If 
the ventricles should follow the auricular rate a serious cireulatory 
collapse would result because of the great reduction in cardiae output. 
Usually the refractory phase of the conducting tissues is longer than that 
of the auricle and thus a heart block with a 2 to 1, 3 to 1, or 4 to 1 
rhythm is established. The reduction in the ventricular rate enables 
the heart to funetion reasonably satisfactorily. The paroxysmal at- 
tacks of flutter which occur postoperatively are most disabling and 
should be treated as emergencies. 

It is much safer to treat flutter with digitalis than quinidine. Ade- 
quate doses of digitalis should increase the auriculoventricular block, 
slow the ventricle, and save the patient’s life. It may convert the 
flutter into fibrillation by stimulation of the vagus. This shortens the 
refractory period of the auricular muscle, increases the transmission 
rate, and speeds up the revolutions of the cireus wave, thus converting 
the flutter into fibrillation. When the drug is stopped the fibrillation 
is often replaced by a normal rhythm. Theoretically, quinidine should 
convert the flutter into normal rhythm by retarding conduetion within 
the auricular muscle and increasing the refractory period. Practical- 
ly this action is by no means certain and dependence should not be 
placed in it in such a grave emergency. 

Heart Failure——Heart failure is a complication that can be ex- 
pected in patients with long-standing hyperthyroidism. When the sev- 
erity of the hyperthyroidism is increased, failure appears more rapidly. 
The onset is usually slow and insidious. The factors leading to failure 
are operative on both the right and left heart. The clinical picture 
is that of congestive failure with dependent edema, large liver, and 
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other familiar signs. Not infrequently failure may be ushered in dra- 
matically by a bout of auricular fibrillation. If the failure is chronic 
and confined to the left ventricle, the lungs will contain an increased 
volume of blood which moves slowly and is under increased pressure. 
The patient’s symptoms will be those of cough, dyspnea, orthopnea, 
expectoration, and hemoptysis. The vital capacity will be reduced. 
The cireulation time, arm to tongue, will be prolonged due to the slow- 
er movement of blood through the pulmonie area. The arm-to-lung 
circulation time (ether) will be normal. The x-ray plate of the chest 
will confirm the presence of pulmonic engorgement. At this stage the 
circulation time and vital capacity give objective evidence useful in 
evaluating the degree of failure. 

When the right heart fails the cyanosis increases, the dyspnea de- 
creases, and the signs of venous stasis appear. The venous pressure 
rises as the blood accumulates in the liver and dependent positions of 
the body. Its measurement becomes of clinical value during recovery 
only after the liver has returned to a normal size and the edema has 
disappeared. 

Lahey’s** experience has indicated that since the heart has failed 
as a result of overwork caused by the hyperthyroidism, one can ex- 
ercise considerable latitude in operating on decompensated patients, 
since the removal of a part or all of the thyroid will reduce signifi- 
eantly the work of the heart. Numerous reports are in the literature 
of the feasibility of a therapeutic removal of the entire thyroid gland 
in patients with disabling cardiac disease. Pemberton** has reported 
the omission of digitalis in the treatment of all patients with hyper- 
thyroidism except those who fail to compensate on bed rest. This 
practice was begun at the Mayo Clinic in 1923 at the suggestion of 
Plummer. As a result there has been a feeling in some quarters that 
it is probably unnecessary to establish preoperatively complete com- 
pensation in patients with hyperthyroidism. The medical service of 
the Research and Edueational Hospital of the University of Illinois 
has made it a practice to accept and prepare for surgery all patients 
with hyperthyroidism who have severe cardiac involvement. As the 
result of such studies over a period of ten years the staff is convinced 
that a patient should be fully compensated and have some cardiac 
reserve prior to operation. 

All the methods which are available for combating congestive heart 
failure should be used and in addition sufficient food should be furn- 
ished to meet the caloric requirements and to rebuild the depleted re- 
serves of the body. As previously noted the requirements for vitamins, 
especially thiamine, are increased and these must be furnished in ade- 
quate quantities. Fluids by mouth or otherwise must be given in suf- 
ficient quantities to combat dehydration and to prevent storage of heat 
with a resulting rise in body temperature. All of these measures will 
be discussed elsewhere. 
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Oxygen should be used until the pulmonary engorgement is relieved. 
After a patient is well along toward compensation he enjoys being 
liberated from the oxygen. He will usually be quite comfortable in the 
day, but he will find difficulty in securing a night’s sleep from which 
he wakens refreshed. This is an indication for the continuation of 
oxygen during the night. Sedatives and opiates will be required and 
should be given as needed. 

Digitalis should be used in therapeutic doses, when heart failure 
exists. If the failure is associated with chronic fibrillation it is still 
the drug of choice. If heart failure is precipitated by a bout of parox- 
ysmal fibrillation, then quinidine should be given, by mouth or per 
rectum (when vomiting is present), at frequently repeated intervals 
until the normal rhythm is restored. If restoration of normal rhythm 
is delayed by decompensation, then digitalis should be given in ad- 
dition to the quinidine. 

The edema of the tissues often disappears slowly under the best of 
treatment. Its increase is associated with an aggravation of the symp- 
toms of dyspnea. Its decrease brings a corresponding relief. In pa- 
tients with long-standing hyperthyroidism one should consider that 
there is a definite nutritional basis for the edema even though the 
serum proteins may be normal. The protein in the diet should be in- 
creased. The patient should then be given intramuscularly, on alter- 
nate days, 2 ¢.c. of liver extract (two units to 1 ¢.c.) and 50 mg. of 
thiamine chloride. The thiamine stimulates the appetite and corrects 
the thiamine deficiency. The liver extract seems to assist in correct- 
ing other deficiencies. Ammonium chloride alone or combined with 
an intravenous injection of one of the mercurial diuretics (at four- 
day intervals) should be given, providing there is no increase in the 
nonprotein nitrogen in the blood. In giving the mercurial diuretic it 
is well to dilute it with 10 ¢.c. of water or 5 per cent glucose solution. 
This avoids troublesome attacks of thrombophlebitis. When there is 
a retention of nitrogen one must proceed more cautiously. The reten- 
tion of nitrogen may be due to passive congestion of the kidneys and 
it may disappear when the circulation is improved. While one is 
waiting for the oxygen, digitalis, and other measures to become effee- 
tive, ammonium chloride alone can be given a trial. If the results are 
disappointing, then aminophyllin in 0.5 Gm. doses daily, dissolved in 
from 300 to 500 ¢.c. of 10 per cent glucose in distilled water, may be 
given slowly intravenously. The aminophyllin prevents the resorption 
of water by the tubules. However, its effeet is not toxic and a dam- 
aged kidney does not become crippled further in its use as it does 
when a mercurial diuretic is administered. Aminophyllin dissolved in 
hypertonic glucose solution has a favorable effect on the pulmonary 
edema and the associated bronchospasm. Finally, the administration 
of the drug in a dilute form prevents annoying palpitation of the 
heart. 
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CRITERIA OF COMPENSATION 


Enumeration of a Few Objective Criteria of Compensation —The 
physical examination should show the absence of signs of decompensa- 
tion. 

Hidden edema should be removed. If present in the lungs, it pre- 
disposes to atelectasis and bronchopneumonia. Since it is customary 
to have the patient out of bed prior to his operation, this will afford 
an opportunity for the fluid to accumulate in the feet. The skin on 
the arms and other parts of the body feels thick when edema is pres- 
ent. In all eases the patient should be subjected to diuresis. This is 
done by weighing him daily over a period of time and collecting daily 
his specimens of urine. During this period he can be given ammonium 
chloride and a mercurial diuretic. The amount of diuresis and the 
weight variations will readily reveal the presence or absence of edema. 

If the venous pressure is elevated one ean be quite certain that the 
patient still has right heart failure. If the venous ‘pressure is normal 
then the right heart is competent. 

The arm-to-tongue circulation time should not be prolonged exces- 
sively. However, the circulation through the pulmonary spaces may 
be slowed without actual stasis. Consequently, one should not insist 
that this value be a normal one. 

The final test of compensation is the vital capacity. If this has a 
value of 70 per cent or more one can feel that there is no pulmonary 
edema and that the expansion of the alveoli is not embarrassed. A 
vital capacity which is inadequate in a patient who otherwise appears 
in good eondition can be improved by diuresis induced with ammo- 
nium ehloride and a mercurial diuretic. If this is not effective a re- 
turn to oxygen at night for a few days will often prove beneficial. One 
would not wish to create the impression that a patient may not be 
operated upon who has a vital capacity below 70 per cent. Obviously, 
clinical judgment and other studies will dictate the proper course to 
be followed. 
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THE MEDICAL MANAGEMENT OF THYROTOXICOSIS 


Davin P. Barr, M.D., New York, N. Y. 


(From the Department of Medicine, Cornell University Medical College and the 
New York Hospital) 


N RECENT years the control of thyrotoxicosis has been chiefly de- 

pendent upon three expedients: the use of iodine, exposure of the 
thyroid gland to x-ray, or surgical extirpation of a large part of the 
thyroid parenchyma. Although the approach has been by diverse 
routes, the therapeutic aims of all methods have been similar and the 
differences in effect have been quantitative rather than qualitative. Suce- 
cess in each instance has depended upon a diminution in the amount of 
circulating thyroid hormone with the expectation that thereby clinical 
manifestations of the disease would be minimized or removed. 

Improvement has been evaluated by a number of criteria. The most 
emphasized has been a reduction in the basal metabolic rate which should 
be accompanied by a gain in weight, a diminution in the tachyeardia, a 
decrease in pulse pressure, and amelioration of the abnormally high cir- 
culation rate. It is usually assumed that these symptoms are accompani- 
ments of, or compensations for, the increased oxidative rate. 

Improvement may also be evaluated by change in signs which are not 
so obviously dependent upon the degree of metabolic activity. Among 
these should be included the tremor, sweating, irritability, hyperkinesis, 
and exophthalmos. There should also be correction of the tendeney to 
loss of nitrogen, calcium, and phosphorus from the body and an increase 
in the level of cholesterol in the plasma. 

The muscular weakness which is so characteristic of chronic thyro- 
toxicosis should become less evident and with this benefit there should 
be an improvement in the spontaneous creatinuria, the inability to store 
ingested creatin and the abnormally high creatinin excretion which 
characterizes the disease. 

The abnormality in creatin metabolism has been sufficiently constant 
to justify the use of spontaneous creatinuria and ecreatin tolerance tests 
as diagnostic criteria in eases which offer difficulty in differentiation 
between hyperthyroidism and psychoneurosis.'. This has been especially 
useful since not infrequently the creatin defect has been evident when 
the basal is within normal limits. The tests have also been helpful in 
studying patients whose symptoms have not been satisfactorily controlled 
by thyroidectomy. Here again the creatin excretion may be excessive 
during periods when the basal metabolic rate is within the rather wide 
limits of normal. 
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When the preceding criteria are used in evaluating therapeusis by 
means of iodine, radiation, or surgery, the results are similar in that all 
of the agents tend to ameliorate all of the disturbed functions. The 
mechanisms involved and the degree of benefit vary greatly. Appar- 
ently iodine exerts its influence by increasing the storage of active or- 
ganic iodine compounds. The optimal benefits are temporary and alone 
seldom constitute a satisfactory means of control. Surgical operation 
accomplishes benefit by removing a large part of the mechanism which 
produces the hormone. Considering the fact that the amount to be re- 
moved must be determined by guess, subtotal thyroidectomy has been, 
and is, a surprisingly satisfactory procedure. Radiation is effective be- 
cause of injury to the structure of the gland or of a temporary diminu- 
tion in its function. While radiation has been in the past less helpful 
than surgery the possibilities of newer applications in the form of radio- 
active iodine have not been sufficiently explored. Hertz and associates? 
and Hamilton® have shown a selective action of radioactive iodine in 
hyperplastic portions of thyrotoxic glands and, in a few cases, have 
obtained by its use encouraging therapeutic results. 

Another mechanism of reducing the production or delivery of thyroid 
hormone should be mentioned although it can not be feasibly employed 
in treating hyperthyroidism. The ablation, destruction, or loss of the 
anterior lobe of the pituitary removes the stimulus to functional thyroid 
activity. Results are a small thyroid gland in which the cells are 
atrophic and simultaneously a great reduction in the level of circulating 
thyroid hormone. In this state the thyroid gland is by no means de- 
stroyed and for at least a considerable period its function ean be re- 
stored by appropriate stimulation with the thyrotropic hormone of the 
pituitary. 

Still another method by which the amount of thyroid hormone may 
be reduced has been shown by Means and others* in the hyperplasia of 
the thyroid gland and the paradoxical hypothyroidism which follows 
the administration of thiocyanate, and which is prevented by the ad- 
ministration of iodine. 

Of the expedients which have been available in the treatment of 
thyrotoxicosis, partial surgical ablation of the thyroid gland has offered 
most hope. With the best preparation and in the hands of excellent 
surgeons the operative risk has been diminished to less than 1 per cent 
with recurrence of clinical hyperthyroidism in only 10 to 15 per cent 
of the patients operated upon. This remarkable record ean be attributed 
only in part to increase in surgical skill. Better understanding of thyro- 
toxicosis and appropriate emphasis upon control of physical activity, 
freedom from emotional strain, iodine, and adequate diet have contrib- 
uted significantly to suecessful management. While all of these factors 
are important in any phase of treatment they have been used more in 
preparation for operation than as ends in themselves. 
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CONTROL OF PHYSICAL ACTIVITY 

If partial thyroidectomy is contemplated, a thyrotoxie patient should 
be under constant observation and preferably in a hospital for at least 
two weeks preceding the operation. Effective rest and relaxation are 
necessary in the treatment of hyperthyroidism. The thoroughness with 
which they must be enforced, however, varies with the age and the gen- 
eral condition of the patient as well as with the degree of thyrotoxicosis. 
The young previously healthy individual has such large factors of safety 
that even hard work and the unmodified stress of life may cause no 
obvious distress. The effects of fatigue, however, are cumulative and 
strains which do not make their effect evident at onee may cause later 
trouble. It should be the rule to spare the hyperthyroid patient all 
unnecessary stress until his condition can be permanently remedied. 
While this is, to a certain extent, optional in the younger individual, 
it becomes obligatory in those whose hearts have lost, with the passage 
of the vears, some of their initial reserve or in those in whom the de- 
sree of hyperthyroidism threatens the occurrence of a crisis. It applies 
to all thyrotoxie patients during infection or subsequent to psyechie or 
physical trauma. 

Appropriate relaxation is by no means easy of accomplishment. In 
many ambitious, restless, thyrotoxie patients complete inactivity is out 
of the question and attempts to enforce it in the solitude of darkened 
rooms, or in other respects too literally, may be amone the principal 
eauses of failure in medical management. Recumbeney is by no means 
essential. In the most severe cases, when strict bed rest is necessary, 
the bed should be adjusted frequently by the attendant so that the 
patient may assume the most comfortable position for each permitted 
activity. Even in the very ill, the avoidance of boredom is more im- 
portant than complete quiescence. Activities may be prescribed accord- 
ing to the taste of the patient and may inelude short periods of read- 
ing, listening to the radio, visiting, or performing some of the simpler, 
easier tasks offered by occupational therapists. In prescribing activity, 
strict limits must be placed on the time allowed for each item and it 
must be emphasized that there is no obligation to complete any task. 

Periods of complete rest and relaxation should be frequent but need 
not be prolonged except in those whose hearts are seriously incompetent. 
In the less severe cases much more liberty is permissible as long as its 
effect can be accurately observed. Indeed, in the preoperative period 
the effect of walking on pulse, blood pressure, and respiration may 
offer a valuable indication as to the ability of the patient to withstand 
the strain of the operation. 


REASSURANCE 


Too much emphasis cannot be placed en psychologic factors in the 
management of thyrotoxicosis. Patients are irritable, excitable, restless, 
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and hyperkinetic but usually are astonishingly free from imaginary 
fears. On the other hand they are susceptible to suggestion and are 
influenced to an unusual degree by the mood of a physician. An at- 
titude of gloom or uncertainty may be disastrous while optimism and 
assurance often have dramatically beneficial effects. As soon as ae- 
quaintaneceship has been established, the main characteristics of the 
disease may be detailed to the patient. Emphasis must be placed on 
curability but also on the fact that the complete recovery may require 
time and that arrangements must be made for a prolonged period of 
inactivity. Helpfulness concerning these arrangements goes far in 
reassuring the patient. Thyrotoxie individuals who show no undue anx- 
iety over their physical condition may become dangerously disturbed 
when they contemplate the consequences of illness on their financial 
security or on their dependents. While formal attempts at psycho- 
therapy may be quite inadvisable during the preoperative period, an 
understanding of factors and problems which prevent relaxation is es- 
sential. Even when the causes of worry can not be removed, a sympa- 
thetie and helpful attitude on the part of the physician exerts a signifi- 
cant therapeutic effect. 

In most cases the question of operation can be discussed quite fully. 
Emphasis should be laid upon the relatively slight risk of operation 
and the relatively high incidence of resultant permanent cure. It is 
also important to emphasize that operation will not be attempted if 
the risk is great. The operation can be represented as a goal which 
the patient may achieve if he can relax enough and ean establish a 
satisfactory state of nutrition. 


CONTROL OF RESTLESSNESS 


Restlessness may interfere seriously with treatment during the pre- 
operative period. Its control will depend in large part upon reassurance, 
the prevention of boredom, and a thorough understanding of the pa- 
tients’ problems and attitudes. In some cases, however, restlessness and 
insomnia persist in spite of the most intelligent management. In such 
cases morning sponge baths at a temperature of about 80° F. and 
evening sponge baths at a temperature of from 90 to 95° F. may be 
helpful. For those who are less ill, an evening tub bath at a tempera- 
ture of from 98 to 100° F. may be prescribed as a means of combating 
sleeplessness. An ice bag over the heart and over the thyroid gland 
may be used as a measure of subjective relief in those who are made 
restless by palpitation. While thyrotoxic individuals are not often un- 
duly disturbed by sounds and lights, protection by isolation may be 
indicated for individual patients. 

When restlessness can not be controlled by such simple measures, 
phenobarbital may be given in doses of from 15 to 30 mg. four times 
each day. If insomnia is a troublesome factor the night dose may be 
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increased to 60 or even to 90 mg. or a comparable dose of a shorter 
acting barbiturate such as pentobarbital may be tried. Both paralde- 
hyde and chloral hydrate are at times useful as temporary substitutes 
for the barbiturates. Large doses of sedatives are seldom if ever in- 
dicated and may cause confusional states which are difficult to control 
and occasionally dangerous. 


DIET 


Undernutrition often plays an important role in chronie thyrotoxi- 
cosis. With maximum relaxation a thyrotoxie patient with a_ basal 
metabolic rate of plus 60 is expending as much energy as a normal 
person would require to sweep a floor. This activity must be main- 
tained day and night and day after day. Moreover, all muscular work 
is performed inefficiently. Accurate observations have indicated that 
in performance of a given task thyrotoxice patients require approximately 
40 per cent more energy than a normal person.° Roughly the calorie 
requirement during bed rest in such a degree of thyrotoxicosis may be 
calculated to be at least twice normal. 

In hyperthyroidism there is always a tendency to depletion of gly- 
cogen which is demonstrable in the liver and may be a significant factor 
in the heart muscle and other tissues. For this reason a high carbo- 
hydrate intake is advisable. Excessive amounts of fat, on the other 
hand, are undesirable because they tend to produce diarrhea. An allow- 
ance of 1 Gm. of protein per kilogram of body weight is usually suf- 
ficient to prevent nitrogen loss if a sufficient calorie intake is maintained. 
Larger amounts may be regarded as somewhat undesirable because of 
the relatively high specific dynamic action of protein. 

All thyrotoxie patients tend to lose calcium and therefore to require 
more than the normal intake of lime salts. The observations of Cowgill 
and Palmieri® have shown that the requirements of thiamine are pro- 
portional to the amount of food metabolized. This suggested at once 
that disturbances in thiamine metabolism might develop in thyrotoxi- 
cosis, and the work of Means and associates,’ and Williams and others® 
has demonstrated that the administration of thiamine is of distinct ad- 
vantage as an adjunct in the treatment of thyrotoxicosis. More re- 
eently, Drill and Overman® have shown that during experimental hyper- 
thyroidism an increased intake of pyridoxine and pantothenic acid is re- 
quired in order to maintain normal nutrition. 

These factors must be taken into account in prescribing a diet during 
the preoperative period or at other times in the treatment of hyper- 
thyroidism. For a small girl weighing 110 pounds, a diet containing 
carbohydrate 300 Gm., protein 50 Gm., and fat 275 Gm., would represent 
a satisfactory approximation at the beginning of treatment. This should 
include the use of one quart of milk each day and should be reinforced 
by the daily administration of from 10 to 20 mg. of thiamine hydro- 
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chloride and yeast or other vitamin supplements which will increase 
materially the usual intake of pyridoxine and pantothenic acid. Since 
the calorie needs of each patient can not be calculated exactly, daily 
weight must be used as the best indication of the sufficiency of any 
given diet. 

IODINE 

Appropriate use of iodine has saved the lives of thousands of thyro- 
toxie patients and since 1923'° has been regarded as essential in the 
preoperative treatment of Graves’ disease. Its beneficial effect depends 
upon the specific need of the thyrotoxie individual and when the need 
has been satisfied by increased intake the administration of larger 
amounts results in no perceptible added benefit. In thyrotoxie patients 
who have received no iodine other than that contained in a usual diet, 
the exhibition of the drug results in a characteristic and usually pre- 
dictable response. This may be discernible in twenty-four hours, ob- 
vious in three or four days, and maximum in ten to fourteen days. 
Rather dramatic improvement in the clinical manifestations of Graves’ 
disease is accompanied by changes in the structure of the thyroid gland. 
Continued use of iodine may or may not be accompanied by intensifica- 
tion of thyroid symptoms. Discontinuance of iodine on the other hand 
is followed by a gradual ascent of the basal metabolic rate to its previous 
level and by an increase in thyrotoxic symptoms to a severity which 
approximates that obtaining before iodine was given. About 3 per cent™ 
of patients with Graves’ disease do not respond to iodine. 

The amount of iodine required to produce an optimal response is 
small and may vary between 6 and 15 mg. per day in different individ- 
uals with Graves’ disease.12 Many compounds containing iodine are 
known to be effective and the response seems to be equally favorable 
from inhalations of ethyl iodide and from oral administration of diiodo- 
tyrosine, potassium iodide, hydriodie acid, or Lugol’s solution.*' One 
cubie centimeter of syrup of hydriodie acid containing about 13 meg. 
of iodine, or 2 minims of Lugol’s solution containing approximately 18 
mg. of iodine should be all that is required for each day’s treatment. 

Ordinarily it is calculated that the optimum effect of iodine should 
develop in from ten to fourteen days following its first exhibition. This 
should not be taken too literally. It is the condition of the patient 
and not the interval that must determine the time of operation. 


USE OF DIGITALIS 


The state of the circulation during the preoperative period must be 
earefully observed. Tachycardia and moderate grades of cardiac in- 
competence are best controlled by rest and iodine. Digitalis is indicated 
whenever there is obvious congestive heart failure or in cases of auricular 
fibrillation with very rapid pulse rate or continued or large pulse deficit. 
In such eases the drug should be started early in the preoperative 
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period in order that its benefits may be achieved and its possible toxie 
effects controlled before the time of operation. Statistical evidence 
indicates that the routine administration of large doses of digitalis is 
detrimental and actually increases the mortality from surgical proce- 
dures. Tachyeardia with regular rhythm and without cardiae decom- 
pensation is never an indication for the use of digitalis. 


INDICATIONS AND CONTRAINDICATIONS FOR OPERATION 


After two weeks of controlled activity, psychotherapy, iodine admin- 
istration, and dietotherapy it is hoped that a patient will be in suf- 
ficiently good condition to justify subtotal thyroidectomy. Not all cases 
ean be so managed. Certain contraindications should be mentioned. It 
has been noted that those who respond unsatisfactorily or not at all 
to iodine have a relatively high operative mortality. A rising metabolic 
rate after an initial favorable response should also be viewed with some 
apprehension. A basal metabolie rate higher than plus 40 is usually 
regarded as unfavorable although it must be emphasized that basal rates 
are to be evaluated in relation to other clinical manifestations. Failure 
to maintain weight with or without vomiting or diarrhea during the 
preoperative period is to be regarded as an unfavorable sign and often 
a contraindication to immediate operation. The coincidence of infection 
of any sort, acute worry, grief, emotional storms, and psychoses increase 
the risk to such an extent that immediate operative procedures cannot be 
considered. Old age in itself is not a sufficient reason for depriving a 
patient of the benefits of thyroidectomy but accompanying degenerative 
diseases may in many eases render any thyroid surgery somewhat fu- 
tile. Congestive heart failure which has been uncorrected by rest, 
iodine, and digitalis may preclude any immediate operation. In de- 
ciding about such cases, however, it must be remembered that thyroidee- 
tomy is often followed by almost complete recovery even from rather 
advaneed failure. For this reason, repeated effort by all therapeutic 
methods should be made to attain temporary improvement which may 
permit operation. 


NONSURGICAL MANAGEMENT OF CHRONIC THYROTOXICOSIS 


Those patients who for one reason or another cannot be subjected 
to subtotal thyroidectomy must be treated by other methods. In the 
nonsurgical management two factors are perhaps outstanding. The 
first is that the condition of thyrotoxicosis undergoes wide spontaneous 
fluctuations in severity with periods of remission and relapse which are 
more or less obviously influenced by emotional states and infections, as 
well as by the menstrual cyele and pregnancy. The second is that the 
administration of an appropriate amount of iodine modifies the extent 
of the fluctuations and usually prevents the serious consequences of 
acute hyperthyroidism during relapse. These characteristics indicate 
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the importance of protection from those factors which may be pre- 
ventable, and the advisability of continuous use of such small amounts 
of iodine as are necessary to maintain an optimal state of the thyroid 
eland. 


With the best management, however, results have not been very satis- 
factory. While remissions with periods of moderately good health have 
been common, cure in the sense of removing the tendeney to relapse 
has been decidedly rare. Moreover, the continuance of even a moderate 
degree of hyperthyroidism produces circulatory strain which, with ad- 
vancing years and diminishing cardiac reserve, produces obvious thyro- 


toxic heart disease. In such cases the persistent cautious use of x-ray 
has resulted in much benefit and has proved itself next to operation 
the most potent weapon in the permanent control of the condition.” 


THIOURACIL 


Although the results of surgery have been brilliant indeed and al- 
though the x-ray has been instrumental in the successful control of many 
cases, it is apparent that all of the present means of treating thyro- 
toxicosis leave much to be desired. None achieves the ultimate goal 
of a therapeutic agent which without mutilation, destruction, or dis- 
turbance of function of other organs can check the production or pre- 
vent the delivery of excessive amounts of thyroid hormone. 

Interest in the possibility of finding a more ideal agent was stimu- 
lated by the discovery of the MeKenzies and McCollum“ that prolonged 
administration of sulfaguanidine produced hyperplasia of the thyroid 
gland which, like thiocyanate, decreased the basal metabolic rate to 
levels approaching myxedema. Unlike thiocyanate, the effeet could 
not be prevented by iodine. On the other hand its action might be 
obviated by giving thyroxin. The work of the McKenzies was extended 
by Richter and Clisby’® and by Kennedy’ to show that an effect similar 
to that of sulfaguanidine could be produced by compounds containing 
the thioureylene radical and particularly by thiourea and its derivatives. 
Extensive studies by Astwood'’ with over 100 related compounds re- 
vealed that the most marked effects could be obtained with thiouracil. 
In animals Astwood was able to show that glands subjected to pro- 
longed administration of thiourea and its derivatives became enlarged 
with follicles irregular in shape, containing scant colloid and lined by 
columnar cells with large nuclei and numerous mitoses.'S The admin- 
istration was followed after a short interval by a lowering of the basal 
oxygen consumption, a decrease in growth, and a diminished food intake. 
The obvious question whether these substances would have an effect in 
human thyrotoxicosis was approached by Astwood and by Williams and 
Bissell. 

Astwood’® treated two patients, one of whom received thiourea and 
the other thiouracil. In both there was a fall in metabolic rate and 
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an increase in body weight. The more extensive studies of Williams 


and Bissell®? concerned nine patients who were treated with thiouracil. 
All had had typical manifestations of thyrotoxicosis over periods from 
six months to twenty-two years. In most instances the thyroid glands 
were enlarged. Initial basal metabolic rates ranged from plus 36 to 
plus 88. In all cases the basal had returned to normal with an average 
of plus 1 for the group within from three to seven weeks following 
institution of treatment. In four weeks there was a decrease in the 
protein-bound iodine of the plasma to normal or below. Williams 
showed also that administration of thiouracil did not interfere with the 
predicted effect of 1.5 Gm. of desiccated thyroid in two cases of myx- 
edema. His observations confirmed animal experiments which indicated 
that thiouracil does not interfere with the action of preformed thyroxin. 

These preliminary observations showed the remarkable effect of thio- 
uracil on the basal metabolic rate. From both theoretical and prac- 
tical standpoints it was of great interest to inquire whether the fall in 
oxidative rate was accompanied by the changes which are ordinarily 
employed as criteria for good therapeutic results from iodine, radiation, 
or surgical treatment. The question was pertinent since it is well 
known that the variations in basal metabolic rate encountered in fever, 
in leucemia, in Addison’s and Frodhlich’s diseases, and in dinitrophenol 
poisoning are not necessarily accompanied by other metabolic and cir- 
culatory changes which characterize variations in activity of the thyroid 
gland. It would not be impossible that the effect of thiouracil on oxida- 
tive rate might be accomplished by some mechanism other than by 
diminishing the amount of circulating thyroid hormone. 

Observations made by Sloan and Shorr?! demonstrated that thiouracil 
produces changes in circulation rate, pulse rate, blood pressure, caleium 
and nitrogen balance, creatin metabolism, and cholesterol levels which 
were qualitatively identical with those achieved by the successful use 
of iodine, x-ray, or thyroidectomy. The effects of the drug are physio- 
logic in the sense that it tends to correct those functions which are 
disturbed or exaggerated in thyrotoxicosis. 

The effects of thiouracil are now being studied in many elinies. It 
has been found in the great majority of cases of Graves’ disease that 
freedom from thyrotoxic symptoms may be attained by a few weeks 
of intensive treatment with thiouracil and that essentially normal con- 
ditions may be maintained indefinitely by administration of small 
amounts of the drug. It has also been shown in a few eases by Ast- 
wood” that withdrawal of the drug after six to nine months of treat- 
ment does not result in recurrence of thyrotoxicosis. Unfortunately, 
it has also been found that thiouracil possesses toxie properties. 
Granulocytopenia, early noted by Astwood,'* has resulted in several 
deaths, one of which has been reported.?* Use of the drug has also 
been followed not infrequently by eruptions? and by periods of pyrexia.** 
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It is too early to predict whether thiouracil can be employed safely 
in the routine management of thyrotoxicosis. Present evidence is not 
sufficient to exclude possible hidden toxie reactions which might re- 
sult from its continued use. At the moment its employment should 
be restricted to cautious administration in well-selected cases under 
constant observation. It may not be too much to hope, however, that 
there will be found closely related drugs which possess its favorable 
actions without its toxie side effects. 


SUMMARY 


Medical treatment of thyrotoxicosis has found its rationale in our 
present concepts of its nature. It is based first on the understanding 
that the disease is aggravated by infections, by physical and emotional 
stress, and by such variations in function of the endocrine system as 
occur at the time of puberty and during menstruation and pregnancy; 
second, on the observation that relapses may be modified or minimized 
by the administration of relatively small amounts of iodine. Adequate 
diet, reassurance, control of activity and of restlessness, protection 
against infections and against physical and psychologic trauma, and 
the feeding of small amounts of iodine have constituted the mainstays 
of medical treatment. These expedients have been used chiefly as a 
preparation for surgery or when this has been impossible as ancillary 
to cautious, persistent application of x-rays. When used by themselves 
they have not been successful in curing or controlling effectively many 
cases of thyrotoxicosis. 

The recent introduction of thiouracil offers new hope of more effee- 
tive medical control and suggests the possibility that the use of thiouracil 
or related compounds may permit nonsurgical treatment in a large num- 
ber of thyrotoxie patients. 
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CHEMOTHERAPY IN HYPERTHYROIDISM 


KE. B. Astwoop, M.D., Boston, Mass. 


(From the Medical Clinic of the Peter Bent Brigham Hospital and the Departments 
of Medicine and Pharmacology, Harvard Medical School) 


HERE have been extensive clinical trials of a variety of sub- 

stances with the aim of controlling states caused by overactivity 
of the thyroid gland.'| These have been concerned mainly with at- 
tempts to inactivate or to neutralize the circulating thyroid hormone 
or to suppress its production in the thyroid gland. The proposed 
agents have been classed as ‘‘antithyroid substanees,’’ although there 
was often no clear statement of the mechanism by which they were 
thought to act. One of the first sueh substances to receive considerable 
attention was ealled ‘‘antithyroidin,’’ a preparation made from the 
serum of thyroidectomized animals. Other agents have ineluded vari- 
ous extracts of human and animal blood and tissues, of the serum or 
urine of animals which had been treated for lone periods with various 
thyroid hormone preparations, and of the urine of patients with various 
diseases. A miscellaneous group of organie compounds such as vari- 
ous fats, sugars, and vitamins have also been proposed as having thera- 


peutic value in hyperthyroidism. Among the many inorganie com- 
pounds such as salts of the heavy metals and halogens which have been 
explored, iodine remains as the most widely used therapeutie agent for 
thyrotoxicosis. None of the other substances has come into general 
use for, in most cases at least, there was little sound rationale for their 
introduction as therapeutie agents. 


GOITROGENIC AGENTS 


The recent development of chemical compounds effective in inhibit- 
ing the synthesis of thyroid hormone dates from studies on the meechan- 
ism of action of various goitrogenic agents. 

Although it had long been known that various substances would 
eause thyroid enlargement in animals, the mechanisms involved were 
not exhaustively investigated. In many instances it was established that 
the goitrogenic action in question could be prevented by iodine, and the 
view became current that most of the so-called goitrogenic effects op- 
erated through a deficiency in iodine. 

Recently there were reported from three laboratories, almost simul- 
taneously, new types of goitrogenie agents. Mackenzie, Mackenzie, . nd 
McCollum? found that sulfaguanidine when fed to rats for short peri- 
ods of time induced a marked enlargement and hyperplasia of the 
thyroid gland, an effect that was not inhibited by iodine. Richter and 
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Clisby* showed that phenylthiourea was goitrogenic and Kennedy, 
Purves, and Griesbach* described in detail the goitrogenie action of 
‘ape seed—an effect which Kennedy® later attributed to allyl thiourea, 
a possible constituent of rape seed. Detailed studies on the mechanism 
by which sulfonamides and thiourea induce thyroid enlargement led 
to the concept that the goiter is compensatory in nature and that the 
primary action of such compounds is the inhibition of thyroid hor- 
mone synthesis.°* This finding suggested that compounds related to 
the sulfonamides or thiourea might be useful therapeutic agents and 
consequently the activity of a large number of sueh compounds was 
explored. 

It was found that the coumpounds tested could be divided into three 
classes: thiourea derivatives, those containing an aminobhenzene group- 
ing, and the thiocyanates.. The thioureas on the whole were the most 
active and among these thiouracil had the highest activity. The ami- 
nobenzene derivatives included the common sulfonamides of which 
sulfadiazine was the most active. The thiocyvanates were distinct from 
the other two classes in requiring a diet low in iodine; the goitrogenic 
action was completely inhibited by added iodide. Furthermore Raw- 
son, Tannheimer, and Peacock® have shown that the thiocyanate goiter 
readily takes up radioactive iodine while the enlarged glands resulting 
from thiouracil administration do not. The only difference thus far 
found between the first two groups is one of species difference. The 
aminobenzene derivatives are without effeet when administered to 
chicks,®"'° whereas various thiourea derivatives are highly effective in 
this species.'°" 

On the basis of these observations some of the early work on goitro- 
gens may offer an explanation. Thus, it is tempting to speculate that 
the goiter produced in rabbits from the feeding of cabbage described 
by Chesney, Clawson, and Webster,’ and by Marine and Baumann," 
as it was completely prevented by iodide,’4 may have resulted from 
thiocyanates present in the cabbage acting in the presence of a diet 
which must have been very low in iodine. 

Similarly, Purves’ has recently shown that the goiter produced in 
rats by feeding rape seed is partially but not completely inhibited by 
iodide. This may indicate that there are two types of goitrogens pres- 
ent in rape seed, one a thiocyanate inhibited by iodine and the other 
a thiourea derivative not inhibited. The finding of Marine and asso- 
ciates'® that the goiter induced by acetonitrile in rabbits is completely 
inhibited by iodine might now be interpreted in a similar way. Cya- 
nide is known to be converted to thiocyanate in the body as a means 
of detoxication and it may have been the thioevanate formed which 
was responsible for the effeet upon the thyroid gland. 

In any ease it is apparent that the action of evanides and thioeya- 
nates is inconstant and, being dependent upon low levels of iodine in- 
take, is difficult to control. Studies on goitrogens are thus more readi- 
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ly performed on the aminobenzene derivatives or on compounds re- 
lated to thiourea, preferably the latter, which do not appear to suffer 
the disadvantage of marked species differences. 


TREATMENT OF THYROTOXICOSIS 

Thiourea.—In view of the finding in animals that the formation of 
thyroid hormone is inhibited by relatively nontoxic compounds it 
seemed of interest and importance to determine whether the excessive 
production of hormone in human thyrotoxicosis could be checked by 
the administration of one of these agents. 

The first compound to be tested clinically was thiourea, a compound 
which appeared to be particularly nontoxie in animals. During the 
early part of 1942 several normal and two hyperthyroid individuals 
were given from 1 to 2 Gm. doses of this compound for several days. 
No toxie effects were noted and there was no immediate change in the 
metabolic rate. When treatment was continued for several weeks, 
improvement of thyrotoxie symptoms and a satisfactory response of 
the basal metabolic rate were observed." 

This effect of thiourea was confirmed and extended by the studies 
of Himsworth,'’* who treated six patients with hyperthyroidism with 
good results. Thiourea was found to be unpleasant to some persons 
because of the aftertaste and because of the unpleasant odor that was 
imparted to the breath. Himsworth found that some of his patients 
experienced nausea and vomiting. In the first case referred to, treat- 
ment had to be discontinued because of the development of a skin 
‘ash. This complication is apparently quite common with thiourea 
as it has subsequently occurred in a number of patients treated with 
adequate doses. A recent note also records the occurrence of granu- 
locytopenia and thrombocytopenia’’ in a patient treated with thiourea. 
Although a number of investigators have studied the effects of thiou- 
rea in hyperthyroidism and will doubtless publish their results shortly, 
its activity appears to be too low and the incidence of a toxic reaction 
too high for it to be recommended as a useful drug. 

Thiouracil_—Shortly after the first successful trials with thiourea 
had been initiated, a study of the activity of a number of related 
compounds revealed that thiouracil was a more highly active sub- 
stanee.2 Most of the studies to date on the chemotherapy of thyro- 
toxicosis have been confined to this drug, which on the basis of recent 
work appears to have an activity approximately ten times that of 
thiourea on a weight basis; molecule for molecule, thiouracil is thus 
seventeen times as active as thiourea. ; 

When thiouracil was tested in clinical hyperthyroidism its high ac- 
tivity was soon apparent. A total daily dose of from 0.2 to 0.6 Gm. 
was found to be effective in controlling the symptoms of hyperthyroid- 
ism and in reducing the basal metabolic rate to normal.’’ In one case 
a dose of 2 Gm. daily resulted in the production of a severe but not 
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fatal case of agranulocytosis. Although unfortunate, this event has 
served to show that caution and close observation are essential when 
this drug is being given. 

To date, an impressive series of cases has been treated with thiouracil 
both in this country and abroad, and sufficient information is now 
available from published and unpublished reports to form the basis 
for a preliminary opinion on its usefulness in the routine treatment 
of hyperthyroidism. 

The first published confirmation of the clinical effectiveness of thio- 
uracil was that of Williams and G. Bissell’? who treated nine patients 
with doses of about 1 Gm. daily. Hyperthyroidism was adequately 
controlled and no serious toxie manifestations were noted. Several 
minor side effects were attributed to the drug including edema, elevated 
serum chlorides, and swelling of the salivary glands. Similar doses 
were used by Palmer*' in the treatment of twelve patients with equally 
satisfactory results and no definite toxie effects. However, Gabrilove 
and Kert?? have recently indicated that doses of this order of magni- 
tude are not safe since three out of nine treated patients showed toxie 
manifestations, two consisting of fever and one of leucopenia. No 
further cases of agranulocytosis have yet been published but appar- 
ently it is common experience to notice a fall in the granulocyte count 
during treatment. Welshman** has recorded two sueh eases in whieh 
it was considered necessary to discontinue treatment. However, in 
some eases this fall is temporary and the normal blood picture re- 
turns during continued treatment; some degree of leucopenia is fre- 
quently noted in hyperthyroidism when no drug is given. Rawson 
and his collaborators,** using a daily dosage of 0.6 Gm. or less, have 
recorded the successful treatment of twenty-five patients without toxic 
effects and demonstrated that surgery can be safely performed on 
patients who have been brought to normal by thiouracil treatment. 
By the use of radioactive iodine and by assays of the treated glands 
they have provided further evidence that thyroid hormone synthesis 
is inhibited by thiouracil. 

A more common side-effect of the drug has been noted recently.*° Of 
a total of forty-eight persons given the drug, four developed a febrile 
reaction on the ninth to eleventh day of treatment. When the drug 
was withdrawn the fever subsided and in three of these a subsequent 
test dose was followed some hours later by an abrupt rise in tempera- 
ture. Three received a daily dose of 0.6 Gm. and one, 0.4 Gm. sug- 
gesting that these are instances of true idiosynerasy. 

The dosage most commonly employed in recent cases has been 0.4 
Gm. daily in two doses of 0.2 Gm. each at twelve-hour intervals. Larg- 
er doses and a further subdivision of the daily dose do not appear to 
be more effective. As little as 0.2 Gm. daily in two doses has been 
effective and in only two eases did it appear that 0.3 Gm. daily was 
inadequate. Currently, a dose of 0.6 Gm. daily is given only to large 
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individuals and to those in whom a slow response is anticipated. Since 
this lower dosage has been used there have been no toxie reactions 
except the four instances of fever noted. 

According to the observations made in this clinic, the details of 
which have recently been published,?* the usual pattern of response of 
previously untreated cases of Graves’ disease is as follows. When 
an adequate control period of rest in bed and sedation is allowed be- 
fore thiouracil is begun, an estimation of the rate of response to it 
can be obtained by frequent determinations of the basal metabolic 
rate. In some instances a distinet drop in the metabolic rate was ob- 
served in as short a time as three days, but usually a week of treat- 
ment was required before one could be sure that a distinct effect had 
been obtained. It is possible, however, that had the control period 
been prolonged a somewhat lower base line would have been reached 
before therapy was begun and this would tend to lengthen the appar- 
ent latent period of the therapeutic response. Once the metabolic 
rate had begun to fall it continued to decline in a fairly regular man- 
ner for the next week or ten days and then exhibited considerable 
individual variation. In some cases the response continued rapidly 
and the metabolic rate reached normal levels within two weeks. On 
the average, however, three weeks were required before the metabolic 
rate became normal. In many cases the metabolic rate, after falling 
to near normal, continued at a slightly elevated level or temporarily in- 
creased somewhat before exhibiting a second decline to normal or sub- 
normal values. 

Clinical improvement seemed to parallel quite closely the fall in 
metabolic rate. Sometimes subjective improvement was claimed before 
there were any objective signs of a therapeutic effect but an evaluation 
of this phenomenon is not at present possible. Other indices of im- 
provement which paralleled closely the metabolic response were 
weight gain, slowing of the basal pulse rate, and a decrease in tremor. 
After the metabolic rate had reached normal most of the symptoms 
and signs of hyperthyroidism had disappeared. In most instances mus- 
cular weakness was the last symptom to clear and usually it continued 
until after the normal body weight had been regained. 

Exophthalmos was not obviously influenced during the first few 
weeks of treatment. Coincident with the decrease in metabolism there 
was a decrease in the stare which may have been responsible for the 
apparent regression of proptosis, but only after several months could 
one be sure that the exophthalmos was indeed decreased. Thus far 
no increase in the degree of proptosis has been apparent but accurate 
measurements were not made. Malignant progression of exophthalmos 
has not yet been encountered. 

The size of the thyroid gland has been noted to change in a rather 
irregular manner during therapy. In those patients with small glands 
before treatment was started it appeared that the glands became small- 
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er during treatment. However, accurate estimates of size in such 
cases are difficult and are complicated by changes in the consistency 
or firmness of the gland. Under thiouracil treatment the thyroid was 
noted to become softer, in fact in some cases this made it impossible 
to determine the borders and outline of the thyroid. In patients with 
initially small glands this factor would then give the erroneous im- 
pression of a decrease in size and in some cases the softness made the 
gland impalpable. Changes in size were more definite in those exhib- 
iting large diffuse goiter prior to therapy. In most of these there was 
an unquestionable increase in size during the first few weeks of therapy 
and an increase in the signs of hyperemia. Later on the gland slowly 
regressed and in some the thrill and bruit, previously very striking, 
entirely disappeared. In two eases the addition of a small dose of 
iodine to the thiouracil treatment seemed to be responsible for a sudden 
cessation of the bruit and a decrease in the size of the gland. In these 
two instances the metabolic rate fell precipitously coincident with the 
giving of iodine, in one it fell from normal to a level of -25 per cent in 
the course of a few weeks although only a small maintenance dose of 
thiouracil was being given. 

The course of the therapeutic response as just described has been 
found to be quite uniform in most cases of primary hyperthyroidism. 
Three patients with typical Graves’ disease exhibited a greatly delayed 
response to thiouracil and the only factor common to each was the prior 
administration of full doses of iodine. Presumably iodine therapy 
tends to cause the deposition of large stores of thyroid hormone with- 
in the gland; if the current concepts of the manner of action of thioura- 
cil are correct, then these delayed responses become intelligible. As 
previously suggested,’’ the major portion of the stored hormone must 
become exhausted before an effect upon the metabolic rate ean be 
achieved. The ‘action of the drug is to block the formation of new 
hormone and it is without effect on the release or the activity of the 
hormone stored within the thyroid gland. It has consequently been 
the recent practice to discontinue iodine, if it has been given, for 
some weeks prior to starting thiouracil therapy. 

Long latent periods have also been noted in several instances of 
toxic nodular goiter and in these, as in the iodine-treated cases of 
Graves’ disease, there is presumably a large amount of hormone-con- 
taining colloid within the gland, and presumably the same mecha- 
nism is operative in causing a delayed response. This factor is appar- 
ently also responsible for the fact that in persons with normal glands 
a prolonged period of treatment is required before a fall in the meta- 
bolic rate occurs. In the normal individual there is a large store of 
hormone and the time required for the gland to become depleted is 
further extended by the fact that the rate of release of hormone is 
much slower than in the case of the overactive glands of hyperthyroid 
individuals. 
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Remission—In the first few treated patients therapy was with- 
drawn shortly after the metabolie rate had reached normal in order 
further to establish that the observed effeet was attributable to the 
drug. It was apparent from these tests that all the manifestations 
of the disease returned promptly when the treatment was discontinued 
and that no lasting improvement could be obtained from short periods 
of medication. In subsequent cases the treatment was continued for 
an arbitrary period of from six to eight months in dosages that main- 
tained a normal or somewhat subnormal metabolic rate. During this 
period the patients remained free of symptoms and appeared normal 
in every way with the exceptions of continued eve signs and thyroid 
enlargement in some cases. At some time during this period of treat- 
ment a spontaneous remission presumably occurs but as yet no means 
has been found to determine when this takes place. Of the twelve 
patients who have thus far completed such a course of therapy and 
from whom the drug has been withdrawn, nine have been under close 
observation for from two to six months. In each ease the metabolic 
rate has remained normal, body weight has been maintained, and no 
symptoms of hyperthyroidism have appeared.*®° As the effect of the 
drug could be expected to subside within a few days after the last 
dose, it must be presumed that remissions occurred. Thus far there 
is no experimental basis for the assumption that the thiouracil was 
responsible for the remissions, and it is more reasonable to suppose 
that the drug merely controlled the disease and maintained a state of 
health which permitted a spontaneous and apparently complete re- 
covery to occur. 

DISCUSSION 


There remains little doubt that thiouracil and related compounds 
can effectively and perhaps completely block the synthesis of thyroid 
hormone. Administered to hyperthyroid patients the value of such 
drugs as therapeutic agents can seareely be questioned. Advantages 
over other forms of therapy inelude the avoidance of surgical opera- 
tion, the reproducible nature of the response, the lack of any evidence 
of the development of tolerance or refraetiveness, and ease with which 
the metabolie rate can be controlled at any desired level. 

The main disadvantage of this form of therapy is the occurrence 
of toxic reactions in a certain small percentage of cases. The use of 
small doses and further investigations into the nature of the toxic 
effects may help to reduce the incidence or severity of such reactions. 
As thiouracil is only one of a number of active compounds it seems 
quite likely that equally active substanees which are productive of 
fewer reactions may be discovered. Until such new drugs are devel- 
oped there seems to be no cause to restrict the use of thiouracil in the 
treatment of thyrotoxicosis. Dangerous toxic reactions are apparently 
quite rare; the more common reactions may be such that treatment 
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has to be discontinued but in such instanees nothing has been lost. 
The subsequent response to iodine remains unaffected and surgery can 
be performed when necessary without added danger. 

Another drawback to this treatment involves its possible effect upon 
the size of the thyroid gland. Individuals with very large goiters 
may experience a further growth of the gland which could result in 
symptoms from pressure on adjoining structures. The current prac- 
tice of removing large goiters for cosmetic reasons or because of pres- 
sure symptoms and removing nodular goiters because of the possibility 
of neoplastic changes is probably sound. The possibility of using 
thiouracil as a means of preparing such cases for operation is being 
explored in a number of ¢linies. 


SUMMARY 


Many substances have from time to time been proposed as remedies 
for hyperthyroidism, but with the exception of iodine none has been 
generally accepted. 

A brief review of the origin of effective chemotherapeutic agents 
for thyrotoxicosis and a summary of some of the clinical data thus far 
available indicate that compounds such as thiouracil are effective in 
the treatment of this disorder. Serious toxie reactions are rare and 
the ease with which the disease can be controlled recommends this 
form of treatment. The frequency of spontaneous remission during 
therapy indicates that lasting therapeutic effects may be anticipated. 
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FACTORS INFLUENCING OPERABILITY AND MORTALITY 
RATE IN GOITER 
WarreEN H. Coie, M.D., Cutcaco, IL. 


(From the Department of Surgery, University of Illinois, College of Medicine, and 
the Illinois Research and Educational Hospital.) 


S IN most other surgical diseases, the results in the mortality rate 

following operation for goiter have improved considerably during 
the past one or two decades, but due to factors primarily not related 
to surgical technique. Surgical technique in thyroidectomy itself has 
changed or improved but little during the past three or four decades. 
However, numerous improvements in preoperative preparation (for ex- 
ample, use of thiouracil), choice of patients for operation, ete., have been 
made during this period. Most of these improvements are related 
directly to a better understanding and fuller appreciation of physi- 
ologie principles. Most of the physiologic principles are new. How- 
ever, some are old and very obvious; it is amazing that so little atten- 
tion has been paid to them during the years past. 


PREOPERATIVE PREPARATION 


Since the mortality rate of thyroidectomies in patients with mildly 
toxie goiter is very low indeed, the adherence to strict principles in 
preoperative treatment becomes much less important than it is in 
patients with severe toxicity. In other words, patients with mildly 
toxie goiter may require very little preoperative preparation. As will 
be discussed later, factors other than preoperative preparation must be 
considered seriously in patients with severely toxie goiter. 

Administration of Iodine or Thiouracil—Unquestionably, the admin- 
istration of iodine or thiouracil in the preparation of patients for oper- 
ation for toxie goiter is the greatest single factor in the maintenance of 
low mortality rate. The profession owes a debt of gratitude to Plum- 
mer for rediscovering the influence of iodine in toxie goiter and to 
Astwood for the clinical demonstration of the beneficial effects of 
thiouracil. 

The dose of iodine usually given is from 5 to 15 minims three times 
daily, although a smaller dose is probably adequate. Doses larger than 
this are highly undesirable since nausea may be produced by an excessive 
dose of iodine. This would therefore defeat one of the primary purposes 
in the preparation of the patient, namely, to improve his nutrition. 
The greatest error in iodine therapy is continued use of the drug 
over a long period, that is, beyond preoperative preparation. The next 
greatest error lies in the assumption held by many physicians that 
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maximum benefit of iodine therapy is attained between the tenth and 
fourteenth day. It is true that the average patient with thyrotoxicosis 
achieves sufficient beneficial effect at the end of fourteen days to be a 
perfectly safe operative risk. However, in patients who are extremely 
toxic, the optimum state of operability is practically never achieved 
within this period. In other words, the physician must maintain iodine 
therapy for many more days, realizing that improvement will still be 
achieved and that operations can be performed much more safely at a 
later date. The author admits the possibility of the patient becoming 
iodine-fast but wishes to emphasize that this danger is not as important 
as many clinicians would lead one to believe. It should be emphasized 
that these remarks on the use of iodine now apply only to those few 
patients who are sensitive to thiouracil or do not respond to it. How- 
ever, some clinicians are using iodine and thiouracil together in pre- 
operative preparation of the patient, giving thiouracil for a few weeks 
before iodine therapy is started. 

The administration of thiouracil as introduced clinically by Astwood,* 
and discussed elsewhere in this symposium, may eliminate most of the 
worry on the part of the clinician in treating patients with a severe grade 
of toxicity. Although the effect of thiouracil requires a longer period 
of treatment than noted in iodine therapy, the decrease in toxicity is 
much more pronounced. In other words, the danger of a postoperative 
crisis and other complications arising from severe toxicity may be 
eliminated entirely with thiouracil. The fact that it requires a much 
longer time than iodine for its beneficial effect may prevent its routine 
adoption in patients with mildly toxie goiter. On the contrary, use 
of iodine in patients with severely toxic goiter may become obsolete 
except to supplement thiouracil. As discussed elsewhere in this sym- 
posium, continued use of thiouracil may result in permanent cure in 
many cases without the aid of operative therapy. 

Increased Caloric Intake.—Although the factors in the pathogenesis 
of toxicity in patients with thyrotoxicosis are poorly understood, it 
is nevertheless surprising what little microseopie evidence of damage 
from excess production of thyroxin or allied compounds is found. It is, 
of course, well known that the increase in output of thyroid hormone 
(or abnormal chemical related to it) is largely responsible for the 
tachycardia and cardiac damage. Nevertheless, a great portion of 
the manifestations and pathologie changes are related to the negative 
calorie balance, largely secondary to the inereased metabolism. It is, 
therefore, obvious that restoration of nutritional balance is exceedingly 
important, particularly in preparation of the patient for operation. 
The importance of this disturbance can be appreciated more readily 
when we realize how much greater than normal is the metabolic activity 
in toxie goiter. The increase in the metabolic rate may be sufficient 
to burn more than two or three times the amount of calories consumed 
by the average individual. It therefore becomes obvious that the eal- 
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orice intake must be increased accordingly before the patient can show 
an improvement in his nutritional status. 

We place every patient with thyrotoxicosis of more than average 
degree on a diet of 5,000 calories per day. Men who are extremely 
toxie will frequently eat as much as 6,000 calories per day. As a matter 
of fact, caloric intake should be increased as long as the patient is 
eapable of consuming additional food. Occasionally, in these severely 
toxic patients, administration of even this much food will not produce 
an appreciable gain in weight. Under such circumstances it may be 
wise to supplement the oral intake by intravenous glucose and amino 
acids (Elman?), at least over a period of a few days in order to achieve 
operability. The necessity of supplementing oral intake with intra- 
venous solutions will be encountered most dramatically in the patients 
who are admitted in crisis or precrisis state. However, very frequently 
certain patients (particularly women) will have poor appetites, and 
be unable to eat a sufficient quantity of food even though they are 
not toxic enough to be classified as in a preerisis state. 

Conservation of Energy.—Since a patient with toxie goiter is burn- 
ing up food at a much greater rate than a normal individual, it be- 
comes obvious that energy must be conserved at all possible points. 
Obviously the patient must be removed from manual labor or any ac- 
tivity which requires undue muscular exertion. However, he must not 
be confined to absolute bed rest since that produces a severe degree of 
muscle atrophy even within a short period of a few days. The patient 
should, therefore, be allowed to be up and about, so that he obtains 
sufficient exercise to prevent muscle atrophy. However, patients who 
are in a state of cardiac decompensation, and patients who are in 
crises or impending crises, represent exceptions and must be confined 
to absolute bed rest until these states are corrected. 


Since sleep is so important in the conservation of energy, the pa- 
tient must be urged to spend eight or nine hours in bed at night and 
take an afternoon nap two or three hours daily as part of the pre- 
operative treatment. Since one of the manifestations of thyrotoxicosis 
is sleeplessness, the patient with severe toxicity will invariably need 
help in obtaining sufficient sleep. With few exceptions the routine 
administration of one of the less harmful sedatives, such as pheno- 
barbital and allied compounds, will be indicated. It may be sufficient 
to limit the drug to a dose in the evening on retiring, although there is 
no objection to giving the drug two or three times daily to patients 
who are severely toxic. 

Reduction of Psychic Trauma.—Unquestionably, excitement and wor- 
ry inerease the manifestations of thyrotoxicosis and therefore should 
be reduced to an absolute minimum, particularly if the patient is al- 
ready toxic. Sources of excitement and worry are, of course, innu- 
merable and include such factors as illness in the family, too much 
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social activity, financial difficulties, family incompatibility, and unruly 
children. Under such circumstances it will be necessary to remove the 
patient from family surroundings and take him to the hospital. Mem- 
bers of the family should be instructed not to inform the patient of 
family troubles or other difficulties which might increase worry. In 
the author’s opinion, the severely toxie patient must be removed to a 
hospital for preoperative preparation, but the patient with mild tox- 
icity should be ambulatory during preoperative care. In our clinic, 
at least three-fourths of the patients are prepared for operation in 
the outpatient department and are brought into the hospital two or 
three days before operation, for confirmation of operability. 

Treatment of Complicating Diseases.—It is, of course, essential that 
the patient be examined thoroughly, so that no complicating diseases 
are overlooked. Diseases such as ecardiae decompensation will, of 
course, be recognized at once since the major svmptoms will be related 
to this condition. On the contrary, certain serious diseases, such as 
diabetes, may be discovered only upon thorough examination inelud- 
ing laboratory work. Studies made by Regan and Wilder*® revealed 
an incidence of diabetes in 1.7 per cent of patients with toxic diffuse 
goiter, which was identical to the incidence among all types of pa- 
tients applying at the Mayo Clinie for medical care. However, in 
toxie nodular goiter the incidence of diabetes was much greater, being 
encountered in 5.6 per cent of the patients. 

Hepatic insufficiency (as emphasized by MelIver* and others) in 
a mild form is common; now and then it is the primary cause of a 
postoperative death. Such conditions must be recognized and treated 
before operation. Some of these conditions are entirely unrelated to 
the thyrotoxicosis whereas others are secondary to thyrotoxicosis. De- 
tails of the treatment of these conditions are discussed elsewhere in 
this symposium. 

Miscellaneous Therapy.—In the author’s opinion x-ray treatment may 
be very beneficial in the preoperative preparation in severely toxie pa- 
tients, but is obviously indicated only in that small group of severely 
toxie patients who do not respond to thiouracil or iodine or both. There 
is no truth in the statements offered by some surgeons that x-ray treat- 
ment adds tremendously to operative difficulties. Very few, if any, adhe- 
sions are produced by x-ray therapy. It is true that the firmness of 
the gland may be increased but this will usually be an advantage to 
the surgeon since friability frequently leads to an inerease in hemor- 
rhage incident to the operation. True enough, the maximum effect of 
x-ray therapy may not be attained in less than four to six weeks. How- 
ever, except during the two or three days following treatment itself, 
there should be no deleterious effects from radiation of the gland. 

As an example of the value and danger of x-ray therapy, I would like 
to summarize briefly our experience (before thiouracil was available) with 
one of the most toxie patients we have had. This individual, a woman 
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about 30 years of age, entered the hospital in a precrisis state and after 
weeks of intensive therapy was still obviously inoperable. X-ray therapy 
was decided upon and was instituted. A day or two following radiation, 
which was given over a period of a few days, she developed a severe 
increase in symptoms and was in a state of mild crisis. During this 
period she became jaundiced, indicating an increase in hepatie in- 
sufficiency. For a time it appeared that the institution of radiation 
may have been an error. However, during the course of the next few 
weeks she showed gradual improvement and for the first time since ad- 
mission, many weeks previously, began to show a gain in weight. For 
the five weeks following radiation she improved to such an extent that 
she was considered operable according to the prerequisites described 
later. The patient was submitted to operation, consisting of removal 
of only one lobe. This was tolerated well and the second lobe was 
removed three or four weeks later. 

Curtis and associates’ have demonstrated a negative calcium balance 
in hyperthyroidism, thereby illustrating the need for calcium therapy. 
In addition, it is agreed that certain vitamins, particularly By, 
are utilized in a more rapid rate in thyrotoxicosis. Administration of 
additional vitamin B,, therefore, is indicated. 

Although every surgeon probably has a scheme of his own for de- 
termining operability, everyone will probably agree that the methods 
of determination of operability are quite arbitrary and therefore sub- 
ject to many errors. The lack of specificity in outlining methods of 
determining operability is brought to light more emphatically when 
one tries to explain to students how a decision regarding operability is 
arrived at. Under the circumstances it is obvious that if a system 
utilizing mathematical relationships could be adopted in this determin- 
ation of operability, the method would be more accurately utilizable 
by everyone, particularly the students. 


PREREQUISITES FOR BILATERAL THYROIDECTOMY 


It is because of the difficulty in explaining verbally the various 
physical characteristics required that we have adopted the following 
group of prerequisites for determining operability. In other words, 
we require that the patient fit the prerequisites as listed, before he is 
acceptable for a bilateral thyroidectomy. As will be discussed later, 
if the patient’s condition does not meet the requirements listed here, 
even after many weeks of therapy, the operation should be done in 
two stages, removing one lobe at each operation. If the patient’s con- 
dition fails by a wide margin to meet prerequisites, even lobectomy 
may be unsafe. As stated previously, the use of thiouracil will elimi- 
nate most of this difficulty by eliminating the severe toxicity. How- 
ever, the occasional instance of sensitivity, or failure of response to the 
drug, will make it necessary that we retain our knowledge of determi- 
nation of operability in the presence of severe toxicity. 
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1. Gain in Weight—Without question the most important requisite 
for operability in the really toxie patient is gain in weight. At no 
time should the severely toxic patient be submitted to thyroidectomy 
when he has failed to show a weight gain. As already stated, it is im- 
portant to start the severely toxie patient on a calorie intake equal to, 
or more than, 5,000 calories per day. It is not enough to tell the pa- 
tient to ‘‘eat a lot’’ since that is not sufficiently specific. If he is 
severely toxic he should be prepared in the hospital for operation. 
It is difficult in the home to be certain that the patient is getting the 
5,000 or 6,000 calorie diet necessary for him. There is no rule as to 
the exact amount of weight gain necessary. However, certain general 
premises can be established. For example, if the patient has lost 
thirty or forty pounds and is obviously malnourished, he will need to 
gain at least ten to twenty pounds before his physical condition is 
optimum. On the contrary, if he has lost only eight or ten pounds, 
a gain of two to four pounds may be adequate to assure the added eal- 
orie requirements with replenishment of the various food depots. 

Gain in strength is allied to a gain in weight and should be con- 
sidered in the prerequisites. Numerous methods of determining gain 
in strength are utilized by various clinicians. For example, some sur- 
geons feel that a patient should be strong enough to walk up a certain 
number of stairs before operation is considered safe. Others say that 
he should be able to walk from one to two blocks without undue fatigue. 
Still others have less strenuous muscular feats, such as stepping up on 
a chair, or lifting weights, as prerequisites. The patient’s ability to 
hold his breath has been suggested as a mechanism for determining 
operability. 

2. Resting Pulse Rate Should Be Below 110.—Except in the pres- 
ence of severe cardiac damage, particularly auricular fibrillation, the 
pulse rate will be a fairly good index of toxicity. Obviously, the pulse 
rate will vary throughout the day, depending upon exercise, excite- 
ment, ete. We have adopted the principle that the resting pulse rate 
should be below 110. If a tachyeardia of 130 or above develops with 
only slight excitement or exercise, it is considered that the patient’s 
toxicity is greater, and the cardiae reserve lower than other signs may 
indicate. 

3. Basal Metabolic Rate Should Be Less Than 50 Per Cent Above 
Normal.—Although we appreciate the fact that the basal metabolic 
rate is subject to considerable error in determining the patient’s toxic- 
ity, we have nevertheless found it of value when this information is 
added to the other available data. With few exceptions any patient with 
a basal metabolic rate of over 50 (after iodine or thiouracil therapy) 
is apt to have considerable reaction following an operation. The met- 
abolie rate before iodine therapy is of little consequence in determining 
the operability. 
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4. Response to Iodine or Thiouracil Therapy.—Very rarely indeed 
will a toxic patient fail to improve markedly under iodine therapy. 
There should be a definite decrease in intensity of most of the symp- 
toms such as nervousness, excess sweating, sleeplessness, and weakness. 
Inelusion of this prerequisite is perhaps of more value in establishing 
the diagnosis in doubtful cases than it is in determining operability, 
largely because the other prerequisites mentioned are dependent upon 
a response to iodine or thiouracil. 

5. No Untreated Complications—tThe necessity of effectively treat- 
ing cardiae decompensation, which is usually secondary to the thyro- 
toxicosis, is well known and is discussed elsewhere in this symposium. 
The vital capacity should always be determined in patients with cardi- 
ae complications; a figure significantly below normal would suggest 
that the decompensation was as yet inadequately treated. It must be 
emphasized that numerous complications unrelated to the thyroid dis- 
ease may be present. Diabetes, local infections, ete., are representa- 
tive of unrelated disease which must be treated adequately before op- 
eration can be considered. 


FACTORS RESPONSIBLE FOR INCREASED MORTALITY RATE 


Before discussing the numerous factors which might be responsible 
for an inerease in mortality rate, I would like to discuss the various 
eauses of death in our series following thyroidectomy, and indicate 
the types of goiter in which such disasters might be expected. Obvious- 
ly, before the time of iodine or thiouracil therapy, development of crisis 
was the most common cause of postoperative death. Since the use of 
these drugs, crisis is becoming rare as the cause of death. In fact it 
might be said that death from crisis following thyroidectomy is inexcus- 
able, and in reality can be prevented with practically no exceptions. 

In Table I, it will be noted that in a total of 936 thyroidectomies for 
toxie diffuse goiter, toxic nodular goiter, and nontoxie nodular goiter, 
the overall mortality rate was 1.06 per cent. This does not compare 
too favorably with a rate of 0.76 per cent in 19,700 thyroid operations 
reported by Lahey.® However, it should be added that the rate reported 
by Lahey represents about the lowest record for a large series. In 
Table I it will likewise be noted that the mortality rate in the patients 
with toxie diffuse goiter is lower than in patients with nontoxie nod- 


TABLE I 


TYPES OF GOITER AND Morta.ity, 1936 To 1944 
(Excluding Carcinoma and Woody Thyroiditis) 


MORTALITY 
TYPE OPERATIONS DEATHS (PER CENT) 
Toxie diffuse 403 3 0.74 a. 
Toxie nodular 297 5 1.6 ; i 
Nontoxic nodular 236 2 0.85 


Total 936 10 1.06 
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ular goiter. This in reality is not surprising, since we realize that 
patients having toxie diffuse goiter are relatively young and that prep- 
aration is usually carefully carried out before operation is performed. 
On the contrary, our patients with nontoxie nodular goiter are much 
older than those with toxie diffuse goiter; even though they are not 
affected with thyrotoxicosis, they still are subjeét to serious organic 
disease, particularly that related to the heart. 

Table II reveals that the two deaths encountered in nontoxie nodular 
goiter were caused by acute heart failure. With the exception of acute 
heart failure, there is surprisingly little duplication of causes of death 
in the entire list. For example, the five patients who died following 
thyroidectomy for toxic nodular goiter, died of a different complication, 
namely, crisis, hemorrhage, gas gangrene of the buttocks, acute heart 
failure, and severe glucose reaction. 

It is true that the patient listed as having died following the severe 
elucose reaction might have survived if she had not had a toxie goiter, 
vet from the clinical findings, there is sufficient reason to believe that 
she would have survived quite satisfactorily if the severe glucose re- 
action had not developed. In other words, some of the causes listed 
are in reality contributory, but are considered to be the most important 
cause of death. In the entire group of ten deaths, it is obvious that 
at least four should be classified as preventable, namely, those due to 
hemorrhage, crisis, and glucose reaction. We, therefore, accept full 


responsibility for these fatalities, and in retrospect feel that we should 
have prevented them. 


TABLE II 


CAUSES OF DEATH FOLLOWING THYROIDECTOMY 


x 


1 Tetany 
Toxic diffuse Crisis 
Acute hepatic insufficiency 


Crisis 
Hemorrhage 

Toxie nodular Gas gangrene of buttock 
Acute heart failure 
Severe glucose reaction 


Nontoxie nodular Acute heart failure 


It is obvious then from the variety of the causes of death shown in 
our series, that lowering the mortality rate may be difficult, except 
in the instances such as the four just mentioned. In spite of the 
great variety of causes of death, the author is convineed that if the 
mortality rate following operation is much above 1 per cent, insuffi- 
cient attention is being paid to certain prerequisites, or postoperative 
eare is not what it should be. 

Although in a consideration of mortality rates throughout the coun- 
try the relative incidence of the types of goiter encountered might be 
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considered as playing a prominent role in the fatalities, I doubt that 
this factor plays a significant role. The patients in the series herein 
reported came from Chicago or environs, which is in the center of 
one of the most prominent goiter belts in the United States. Yet the 
ratio of toxie diffuse to toxic nodular and nontoxie nodular goiter is 
almost identical to*the ratio reported by Lahey® as being encountered 
in Boston, namely, 2 to 1 to 1, respectively. In our experience, thy- 
roidectomy in patients with toxic nodular goiter is associated with a 
mueh higher mortality rate than in toxie diffuse goiter (see Table I). 
Our death rate was more than twice as high in toxie nodular goiter as in 
toxic diffuse goiter. I believe that this trend would be maintained in 
almost all localities although there might be an exception in a series 
composed largely of private patients, since this group of patients with 
toxie nodular goiter would be much less likely to postpone treatment 
of the insidious manifestations so typical of this type of goiter; the 
symptoms of toxic diffuse goiter are so prominent that charity and 
private patient alike will come early for treatment before serious or- 
ganic changes take place. 

1. Inadequate Preparation.—Unquestionably the most common fae- 
tor in inadequate preparation is failure on the part of the physician 
to supply enough food to produce a gain in weight and put the pa- 
tient on a positive calorie balance. 

2. Wrong Choice of Time for Operation.—It is well known that the 
degree of toxicity fluctuates considerably in patients with toxic goi- 
ter. Therefore, in the treatment of severely toxie patients it is usu- 
ally necessary to choose a time for operation when the patient is in 
a so-called remission. During this time his manifestations may fit into 
the prerequisites previously outlined although it may require several 
weeks of therapy before this state of operability can be achieved. It 
should be remembered that certain features in the daily life of the 
patient may actually alter the operability. For example, if a patient 
is confronted with the news of the death of a member of his family, 
he may immediately revert from a state of operability to one of inopera- 
bility, and require several days of therapy before operability is re- 
gained. 

3. Lack of Appreciation of the Danger of Complications.—It need 
not be emphasized that a patient who has a complication along with 
hyperthyroidism will, of course, not be as good a risk as a patient 
without complications. The report of Pemberton and Miller,? who 
note that 81 per cent of their deaths were in thyrocardiae patients, 
illustrates this point very emphatically. It is obvious that in the 
eroup of patients with complications the prerequisites outlined must 
be met more completely than in other patients. 

4. Errors on the Operating Table—Failure to recognize signs of 
excessive toxicity is probably the most common error made while the 
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patient is on the operating table. Ordinarily the surgeon has ample 
warning at this time of the presence of severe toxicity. In the first 
place, the pulse rate during the anesthesia is an important indication 
of toxicity. We utilize the principle that if the pulse rate cannot 
be brought down under 140 with anesthesia, operation is so unsafe that 
the incision should not even be made; under such cireumstanees it is 
advisable to send the patient back for a few more days of treatment. 
Likewise, if after the removal of one lobe, the patient’s pulse starts 
to rise above 135 or 140, it is usually wise to terminate the operation 
at this point. The use of an excessive amount of oxygen is likewise 
an indication of toxicity. If the anesthetist informs the surgeon that 
it is extremely difficult to keep the patient oxygenated under general 
anesthesia, it is safe to assume that the patient is probably more toxic 
than was originally considered. Utilizing the principle just discussed, 
we have sent many patients back from the operating room before mak- 
ing the incision, and in about 5 per cent of the cases we do the oper- 
ation in stages, removing the right lobe at the first operation and the 
left lobe from three to six weeks later. Too frequently the surgeon 
inflicts too great an operative load upon the patient. The author 
agrees wholeheartedly with Lahey,® who states that many of the deaths 
encountered are explained on the basis that two much work has been 
done, namely, that two lobes were removed instead of one. It should 
be emphasized that if before operation the surgeon has arrived at the 
decision to do the operation in two stages, rarely is it safe to allow a 
smooth course on the operating table to change his decision’ to that of 
removal of both lobes. 

Errors in technique are of less importance in the mortality rate 
than are errors in judgment. However, if a bilateral recurrent nerve 
injury is sustained in a severely toxie patient, the excess load of an- 
oxia, tracheotomy, etc., may be sufficient to cause death. On certain 
oceasions, slowness in performance of the operation may be a most 
important contributory factor in the patient’s death. This would be 
true only in the patient who is severely toxie. Although the author 
agrees that thyroidectomy should be done with the utmost dispatch 
in severely toxic patients, he would like to emphasize that efforts to 
hurry and shorten the operating time have probably done more harm 
than good, except in emergency circumstances. In general, if a high 
mortality rate is secondary to inexperience on the part of the surgeon, 
failure to utilize proper judgment in preoperative care, choosing the 
proper time for operation, ete., will reflect much more directly on 
mortality rate than will poor operative technique. 

The choice of anesthesia may likewise reflect somewhat in the mor- 
tality rate. Perhaps the best example of this might be the use of 
eyelopropane in a patient with auricular fibrillation who has consider- 
able myocardial damage. Likewise the use of nitrous oxide in the 
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hands of a poor anesthetist might be dangerous in severely toxic pa-. 
tients, although we realize that experts can handle this agent very well. 

5. Insufficient Vigil in Postoperative Care——Perhaps the most com- 
mon example of fatality resulting from failure to exercise proper post- 
operative care is failure to recognize and promptly treat postoperative 
hemorrhage and bilateral injury to the recurrent nerve. Insufficient 
fluid, too little or too much sedation, failure to utilize oxygen therapy 
when indicated, and numerous other errors may contribute to a post- 
operative fatality. Details of these features in postoperative care are 
discussed at length, elsewhere in this symposium. 


SUMMARY 


The marked improvement in mortality rate following thyroidectomy 
during the past one or two decades has been due primarily to improve- 
ments in our knowledge and application of physiologic principles, 
particularly as related to preoperative and postoperative care.  Pre- 
operative preparation is exceedingly important in patients with sever- 
ely toxie goiter. The major factors in this preparation of the pa- 
tient include: (1) administration of iodine or thiouracil; (2) in- 
creased caloric intake; (3) conservation of energy; (4) reduction of 
psyehie trauma; (5) treatment of complicating disease; and (6) mis- 
cellaneous therapy. Appreciating that the mortality rate is so de- 
pendent upon preoperative treatment, we have adopted in our clinic 
certain prerequisites to be met before a patient is considered safe for 
bilateral thyroidectomy. These prerequisites are: (1) gain in weight; 
(2) resting pulse rate below 110; (3) basal metabolic rate below 50; 
(4) response to iodine or thiouracil; (5) no untreated complications. 
Of this group of prerequisites, gain in weight is the most important. 
It is an unforgivable error to subject a patient with severe toxic goiter 
to bilateral thyroidectomy, unless he has shown a weight gain. 

Thiouracil gives promise of revolutionizing our methods of preop- 
erative care and may make operation unnecessary in many patients. 
However, it is doubtful if the mortality rate may be appreciably low- 
ered in the clinies reporting the best results, largely because relatively 
few of the deaths encountered in such series of patients will be related 
to thyrotoxicosis itself. The mortality rate in our series of 936 thy- 
roidectomies was 1.06 per cent. It was lower in toxie diffuse goiter 
than in either of the two types of nodular goiter. Although almost one- 
half of our deaths must be considered in the preventable class, the 
causes were extremely variable. Three patients died of acute heart 
failure, and two died in crisis. There was no duplication in the other 
causes of death. A study of factors (other than coincidence) which 
might be responsible for a lethal outcome includes: (1) inadequate 
preparation; (2) wrong choice of time for operation; (3) lack of 
appreciation of the dangers of complications; (4) errors on the oper- 
ating table; (5) insufficient vigil in the postoperative care. 
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It should be emphasized again that many of the precautions de- 
seribed here will be of only slight importance in the great majority 
of patients who respond to thiouracil. However, since an occasional 
patient will be sensitive to the drug or will not respond to it, infor- 
mation gained about severely toxie patients through many vears’ ex- 
perience with them should not be east aside. 
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ANESTHESIA IN THYROID SURGERY 


R. CHarLes Apams, M.D.,* aNp CLAupE F, Drxon, M.D.+ 
RocHESTER, MINN. 


ETHODS of anesthesia for operations on the thyroid gland are 
many and diversified and the approach to the anesthetic problems 
involved in this type of surgery is governed somewhat by the condi- 
tions under which the surgeon likes to work. Of the available methods 
from which to choose, most provide satisfactory working conditions 
for the surgeon and an adequate margin of safety for the patient. 

Surgeons performing thyroid operations may be divided roughly 
into two groups from the standpoint of their choice of anesthesia. 
Surgeons of one group prefer that their patient be asleep throughout 
the course of the operation and hence favor inhalation or intravenous 
anesthesia. Those of the other group favor having the patient awake, 
at least intermittently, throughout the operation in order that his 
speaking voice may be checked at intervals for possible damage to 
the recurrent laryngeal nerve and to permit straining in order that 
all potential bleeding vessels may be ligated securely before the wound 
is closed. This group prefers local or regional anesthesia with only the 
intermittent use of a general anesthetie agent. 

Thyroid surgery presents certain anesthetic problems related both 
to the nature of the disease and to the site of the operation that are 
not encountered in most other types of surgery. Despite the fact that 
a surgeon may prefer a certain type of anesthesia in uncomplicated 
cases, some conditions make certain types of anesthesia preferable to 
others. Such conditions might include very large glands; substernal 
goiters; those which are causing undue pressure on, or displacement 
of, the trachea; dyspnea; cardiae disease; and severe thyrotoxicosis. 
In this type of case the anesthetic management is of greater impor- 
tance than for an operation for a simple nontoxic adenomatous goiter. 

Some features of the anesthetic management of thyroid patients 
bear particular attention. The fact that many patients suffering from 
goiter have varying degrees of elevation of emotional tone necessi- 
tates individualized adjustment of the preliminary medication to effect 
adequate preanesthetie sedation. Since the site of the operation is in 
close proximity to the trachea and upper respiratory passages, respira- 
tory obstruction is always a potential hazard. Because of the elevation 
of the metabolic rate, anoxemia is not only undesirable but even 
dangerous, since these patients have a high oxygen requirement. 

*Section on Anesthesia, Mayo Clinic. 


+Division of Surgery, Mayo Clinic. 
Received for publication, March 25, 1944. 
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Respiratory obstruction, in addition to inhibition of oxygenation, com- 
plicates the surgical procedure by increasing bleeding in the operative 
field. These are some of the considerations that must be weighed in 
selecting the anesthetic agent for the patient suffering from a disease 
of the thyroid. 

PRELIMINARY MEDICATION 

Patients who have a disease of the thyroid, particularly those who 
have severe hyperthyroidism, require adequate preliminary sedation in 
order to lower their emotional tone to somewhere near basal level. Vari- 
ous premedicants and basal sedatives have been employed for this pur- 
pose. <Avertin with amylene hydrate has attained favor with many sur- 
geons for the production of basal anesthesia in operations on the thyroid. 
We preter the use of morphine and a barbiturate in divided doses since 
this method appears to have greater flexibility than the single adminis- 
tration of basal sedatives by rectum. Pentobarbital sodium is adminis- 
tered the night before operation in doses of 114 to 3 gr. (0.1 to 0.2 
(m.). The dose should be sufficient to insure a good night’s rest. On 
the morning of the operation the dose or doses of pentobarbital sodium 
are repeated and \% gr. (0.01 Gm.) of morphine and 50 gr. (0.00043 
Gm.) of atrophine are administered hypodermically at least one-half 
hour before the time of operation. The important feature is to adjust 
the dosage and timing of the premedicants so that the patient reaches 
the operating room in a drowsy and peaceful state of mind. Some 
physicians prefer to have the patient asleep before leaving his room. 

In spite of a carefully planned course of preliminary medication, 
such things as unforeseen delays result in many patients reaching the 
operating room inadequately premedicated. When this oceurs, addi- 
tional doses of pentobarbital sodium may be administered intrave- 
nously after the patient reaches the operating room. The drug, in 2.5 
per cent solution, is injected slowly and intermittently until the basic 
level of sedation is reached. This should render the patient drowsy 
but not asleep. If the thyroid condition has resulted in any degree of 
respiratory obstruction, only minimal sedation is indicated in order to 
avoid respiratory depression, obstruction, and anoxemia. 

Much stress has been placed on the preoperative management of the 
patient suffering from disease of the thyroid in regard to absolute 
rest and quiet and shielding him from the knowledge of anything rela- 
tive to the operation or its time. No doubt such measures are justified 
in the management of patients who are extremely hyperactive but for 
the average patient we feel that these precautions are unnecessary, 
provided the course of preliminary medication is adequate. Most of 
these patients get along well on ordinary routine preoperative man- 
agement and it often seems that special attentions render them more, 
instead of less, apprehensive. 
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ANESTHETIC AGENTS AND METHODS 


When the thyroid condition has resulted in severe metabolic imbal- 
ance and hyperfunction, anesthetic agents having the least toxicity and 
which interfere least with metabolie function are indicated. 

Local and Regional Anesthesia—Provided the patient has been well 
premedicated, local anesthesia has many advantages. It is adequate for 
most stages of the operation and produces the minimum of secondary 
toxie effects. Our method consists in blocking the superficial cervical 
plexus bilaterally with 1 per cent solution of procaine hydrochloride or 
metyeaine and infiltrating the region of incision with a 0.5 per cent 
solution of one of these drugs. The use of epinephrine as a vasocon- 
strictor in the local anesthetic solution is contraindicated if the gland 
is of the toxic or exophthalmie type. It is to be remembered that some 
patients are definitely sensitive to epinephrine and many so-called 
procaine reactions have been due to this vasoconstrictor. In cases of 
nontoxie thyroid conditions, cobefrin may be used as a vasoconstrictor. 
Usually, sufficient duration of anesthesia is obtained without a vaso- 
constrictor, particularly if metyeaine is used. Most of the discomfort 
under local anesthesia occurs when the lobes are being delivered and 
when traction is made on the gland. Brief periods of supplementation 
with nitrous oxide and oxygen at these times render the patient com- 
fortable. The local anesthesia permits the use of sufficient oxygen 


with the nitrous oxide to prevent most patients from becoming cya- 
notice. This combination of methods makes it possible to have the 
patient awake whenever necessary. The advantages of this have been 
mentioned heretofore. 


Block Anesthesia.—In certain cases in which the patient is an ex- 
tremely poor risk, because of debility, toxicity, or the size and position 
of the gland, it may be undesirable to put the patient to sleep. In such 
eases complete cervical block will provide anesthesia of all the deep and 
superficial structures. This is accomplished by bilateral injection of 
1 per cent solution of procaine or metyeaine into the second, third, and 
fourth cervical nerves and the superficial cervical plexus. The region 
of operation is also infiltrated with a 0.5 per cent solution of one of the 
agents. 

Inhalation and Intratracheal Anesthesia—Nitrous oxide, ethylene, 
and eyclopropane have all been employed in thyroid surgery and, be- 
cause of their inert nature, are suitable agents. However, nitrous oxide- 
oxygen anesthesia alone often fails to provide sufficient depth of anes- 
thesia without the patient becoming cyanotic, which is to be avoided. 
To a lesser degree this also applies to ethylene. The value of these 
agents in thyroid surgery is enhanced if they are complemented by local 
or regional anesthesia. 


Cyclopropane is considered by many to be the agent of choice if 
inhalation anesthesia is to be used. It produces quiet breathing, while 
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anesthesia can be maintained with a comparatively high concentration 
of oxygen. These features together with the rapid recovery period com- 
mend its use in operations on goiter. The main drawback of cyclopro- 
pane is its explosibility but this need not necessarily contraindicate its 
use if proper precautions are observed. With the proximity of the field 
of operation to the upper respiratory passages, the employment of elee- 
trical apparatus during the operation would, we feel, contraindicate 
its use. 

Most surgeons and anesthetists agree that as a rule ether is not a 
desirable agent for routine use in operations on the thyroid. However, 
if it is felt that an inhalation anesthetic agent is indicated (perhaps 
with an intratracheal tube) moderate amounts of ether may be adminis- 
tered with comparative safety to a patient for whom a gaseous anesthetic 
agent is inadequate. For a child undergoing an operation on the thy- 
roid, inhalation anesthesia, preferably intratracheal, becomes the method 
of choice and moderate amounts of ether may be administered without 
untoward effect. 

If an inhalation anesthetic agent is preferred by a surgeon, the opera- 
tion may be performed with greater facility if an intratracheal tube is 
used. Its use will permit a continuously free airway, regardless of the 
position of the patient’s head or pressure or traction exerted on the 
larynx and trachea. In addition, adequate ventilation and oxygenation 
may be maintained. Intratracheal anesthesia is probably the method 
resulting in the most efficient second-to-seecond control if the gland is 
large or substernal or if there is pressure on, or deviation of, the trachea. 
It is good prophylaxis to have an intratracheal tray in readiness, with 
several sizes of intratracheal tubes and a laryngoscope, whenever an 
operation on the thyroid is being done, regardless of the type of anes- 
thesia employed. This prevents delay in establishing the airway, the 
need for which may occur suddenly in oceasional cases. 

Intravenous Anesthesia.—During the past ten years the use of intra- 
venous pentothal sodium anesthesia has been increasing for all types of 
surgery. Many thyroid surgeons favor its use in this field. From cer- 
tain standpoints it is suitable, since it does not untowardly affect the 
metabolic processes of patients suffering from thyroid disease. The com- 
parative freedom from nausea and vomiting following pentothal sodium 
anesthesia is desirable and it may be used with any amount of oxygen 
the patient may require. On the other hand, certain technical factors 
may enter the picture. If pentothal sodium is used as the sole anes- 
thetic agent, mechanical obstruction of the upper part of the respiratory 
traet or obstruction due to laryngeal spasm can occur. Since the laryn- 
geal reflexes probably will be still active, it may be difficult to insert an 
intratracheal tube without trauma, if the need arises. Certain patients 
suffering from thyroid disease who are unusually hyperactive may re- 
quire large amounts of the drug, which may result in a prolonged post- 
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operative sleep, accompanied by restlessness or excitation during recov- 
ery. All these side effects are undesirable. 

For those who wish to take advantage of the desirable features of intra- 
venous anesthesia, we feel that its use as an adjunct to other methods of 
anesthesia produces the best results. There are a number of possibilities 
that may be worthy of consideration. Pentothal sodium anesthesia pro- 
vides a rapid and pleasant induction to inhalation anesthesia for 
patients who are upset and nervous. For certain patients this is carried 
out in their own room before they are taken to the operating room. If 
pentothal sodium is used as a supplement to local or regional anesthesia 
only minimal amounts of the intravenous agent may be required and it 
may be possible to arouse the patient at the end of the operation. When 
this method is used alone or as a supplement to other methods, oxygen 
or a mixture of 50 per cent nitrous oxide and 50 per cent oxygen should 
be administered during the course of the intravenous anesthesia. Com- 
binations of pentothal sodium and the gaseous anesthetic agents may 
often prove useful when the use of ether is inadvisable. When the 
upper portion of a patient’s respiratory tract becomes partially ob- 
structed, helium-oxygen mixtures can be utilized to facilitate oxygena- 
tion of the patient. 

COMMENT 


Modern anesthetic agents and methods have been important in im- 
proving the preoperative, operative, and postoperative management of 
patients undergoing operations on the thyroid. The choice of anesthesia 
for these patients has been broadened in recent vears so that there are 
many different anesthetic approaches to the various problems presented 
by the patient suffering from goiter. In order to obtain the fullest 
benefit from the choice of anesthesia, the problems of the individual 
ease should be weighed preoperatively by the surgeon and the anes- 
thetist. By such collaboration the surgeon can supply the anesthetist 
with information relative to the surgical requirements and possible com- 
plications. In this way, methods of anesthesia may be chosen which 
offer the patient the minimum of toxie effects from the anesthetic agent 
and which, at the same time, provide continuous control of the patient 
and of the complicating factors which may arise. 
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TECHNIQUE OF THYROIDECTOMY 
Frank H. Laney, M.D., Bosron, Mass. 


HE technique of subtotal thyroidectomy for exophthalmic goiter 

and toxic adenoma, as well as that of removal of a discrete adenoma, 
intrathoracic goiter, and the isthmus for constricting thyroiditis, is 
best demonstrated, I believe, by illustrations. Any technical procedure, 
such as a surgical operation, can be understood more adequately and 
more quickly, with less likelihood of misunderstanding, if it ean be 
visualized. Since the accompanying drawings with their descriptive 
legends clearly show the various steps of the procedures, a lengthy dis- 
cussion will be unnecessary. 

The methods here presented are based upon the removal of over 
23,000 goiters. These technical procedures are the result of progressive 
refinement of our technique prompted by added experiences and con- 
stantly widening contacts with all aspects of thyroid disease. While 
many of the fundamental steps were designed by me, some have been 
modified by other members of the Department of Surgery of the 
Lahey Clinic. These procedures, which are standard in this institution, 
have stood the test of time, numbers, and repeated follow-up studies. 


COMMENT 


While this presentation deals solely with surgical technique, I cannot 
conclude it without ealling attention to the fact that the operative pro- 
cedure is but one of several factors concerned in a successful thyroidec- 
tomy. Experienced judgment in the preparation of these patients and 
the decision concerning the optimal time for operation are of equal, if not 
greater, importance than the technical procedure. The same may be said 
of anesthesia and postoperative management, since without experience 
and judgment in these fields, a thyroidectomy, although scientifically 
executed, may have an unsatisfactory result. Jn no other field of surgery 
is a greater variety of skill and experience needed to obtain a good re- 
sult and a low mortality. Here the knowledge of the cardiologist, 
endocrinologist, internist, anesthetist, and surgeon may be most advan- 
tageously combined in obtaining a satisfactory postoperative result. 


Received for publication, July 10, 1944. 
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Preth yroid 
Muscles 


Sternomastoid 
Muscle 


Prethyroia ‘Muscles 


Fig. 1—a, The curve employed in goiter incisions in this Clinic. With the chin 
elevated, the chest thrown forward, and the neck in the forward goiter position, the 
incision is placed a little higher than ultimately desired. When the chin comes 
down and the chest is lowered, the incision descends about 1 inch. 


b, The height to which the skin flap is elevated. Good exposure of the thyroid 
gland requires elevation of the skin flap up to and above the level of the notch in 
the thyroid cartilage. This permits adequate exposure of the superior thyroid artery 
and veins at the upper pole of the thyroid gland where they enter, so that they may 
be ligated well off the thyroid gland. The sternomastoid muscle is being separated 
from the prethyroid muscle. The former will then be retracted so that when the 
clamps are applied across the prethyroid muscles, as in c, they can be clamped well 
out and wider exposure obtained. 

c, The high level at which the prethyroid muscles are cut. The innervation re- 
mains undisturbed. The suture level will be well up under the skin flap where it 
will not interfere with closure of the skin incision or complicate its healing. <A 
thyroidectomy can be done more safely and with better exposure if the prethyroid 
muscles are cut. Although thousands of prethyroid muscles have been cut and su- 
tured at the Lahey Clinic, no deformity, disfigurement, or dysfunction has resulted. 
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Superior 

Thyroid Vessels 


Fig. 2.—The internal jugular vein, and the middle thyroid vein as it enters the 
middle of the thyroid gland. The first step after exposure of the thyroid gland 
is severing the middle and inferior thyroid veins, which facilitates mobilization of 
the thyroid gland up out of its bed. Note the excellent visualization of the superior 
thyroid vessels when the skin and muscle flaps are elevated adequately. The double 
hooks, specially modified in this Clinic, lift the gland up out of its bed in order 
to obtain adequate exposure. 
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Fig. 3—After the middle and inferior thyroid veins are ligated and severed, the 
internal jugular vein is retracted, thus exposing the common carotid artery, beneath 
which, with the gland lifted out of its bed, the inferior thyroid artery can be demon- 
As a result of elevation of the prethyroid muscles above the level of the 


strated. 
notch of the thyroid cartilage, the upper pole of the gland with its entering vessels 


is clearly exposed. 
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Superior Thyroid Vesse/s 
ond Upper Pole of 


Thyroid Gland 
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Fig. 4.—The upper pole of the thyroid gland is mobilized after ligature of the 
superior thyroid vessels. The attachment of the thyroid lobe to the larynx has been 
freed, thus making possible a more radical removal of thyroid tissue (Fig. 5). Note 
the level of the horn of the thyroid cartilage. At this point the recurrent laryngeal 
nerve becomes intralaryngeal, so that above this there is no danger of injury. Note 
the retraction of the common carotid artery by means of which the inferior thyroid 
artery can be found and ligated. 
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Fig. 5.—The internal jugular vein and common carotid artery have been retracted. 
The inferior thyroid artery has been demonstrated and ligated. The isthmus of 
the thyroid gland has been severed from the opposite lobe, separated from the trachea, 
and elevated upward. Note the usual location of the inferior parathyroid gland 
between the branches of the inferior thyroid artery. The thyroid tissue anterior 
to the dotted line is to be removed, and that behind it is the stump of thyroid 
gland to be left. A radical removal of the thyroid gland is made possible by freeing 
the upper pole and pulling it downward and freeing the isthmus and pulling it up- 
ward. The recurrent laryngeal nerve may be seen after visualization of the inferior 
thyroid artery. 
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Fig. 6.—The various types and positions of the inferior thyroid artery. 

a, A common type of inferior thyroid artery enters directly into the gland. 

b, The inferior thyroid artery arches upward and sometimes descends behind 
the thyroid gland to enter it, the arch sometimes being as high as the superior pole. 

c, The inferior thyroid artery which extends from below upward is the type most 
difficult to demonstrate. The surgeon is apt to think that the artery is absent be- 
‘ause it is not in the most common positions (a, b, d, and e). Demonstration of this 
type of inferior thyroid artery requires elevation of the lower pole of the thyroid 
gland well out of its bed, retraction of the common carotid artery at a low point, 
and careful dissection of the deep cellular tissue under good light. 

d, A common type of inferior thyroid artery, which divides well out from the 
gland. 

e, The same type as d, with division of the inferior thyroid artery well behind the 
common carotid artery. Either the upper or the lower branch only may be demon- 
strated and ligated, and the second branch may be overlooked. This results in con- 
tinued bleeding in the gland, which is not controlled or explained until the second 
branch is found and ligated. 

f, The inferior thyroid artery is absent, the blood supply coming from a thyroidea 
ima, 

g, The common location of the thyroid veins (middle, inferior, and ima). Com- 
plete mobilization of the thyroid gland and turning it up out of its bed (Fig. 5) 
require that all venous attachments between the thyroid gland and the internal 
jugular vein be ligated and severed. 
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Fig. 7.—The locations and abnormalities of the recurrent laryngeal nerve. 

a, The recurrent laryngeal nerve passes over the inferior thyroid artery. A nerve 
in this location is demonstrated and also injured more easily than the one which 
passes under the inferior thyroid artery. When the thyroid gland is lifted out of 
its bed, the nerve also is lifted up as the artery is pulled upward in the mid-portion 
of the gland. 

b, The most common position of the recurrent laryngeal nerve. The inferior 
thyroid artery must be found first, and then the nerve is demonstrated as it passes 
under or over it. 

c, The inferior thyroid artery is severed and ligated at both ends. In a difficult 
procedure this facilitates demonstration of the recurrent laryngeal nerve from its 
point of emergence in the mediastinum to its point of entrance into the larynx. 

d, The position of the recurrent laryngeal nerve in intrathoracic goiter. As the 
thyroid adenoma descends into the mediastinum, it tends to push the recurrent 
laryngeal nerve against the trachea until it is sometimes so adherent that demonstra- 
tion is difficult unless this occasional anomalous position is reeognized. 

e, The recurrent laryngeal nerve does not descend into the mediastinum, but comes 
straight across from the vagus to enter the larynx beneath the inferior constrictor 
muscle. 

f, The recurrent laryngeal nerve descends as far as the inferior thyroid artery 
and ascends behind it to its point of entrance into the larynx. 

g, Extralaryngeal division of the recurrent laryngeal nerve. 


h, Extralaryngeal division extending as low as the inferior thyroid artery 
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Anterior Aspect of Thyroid Gland 


Posterior Aspect of Thyroid Gland 
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Fig. 8.—The anterior and posterior aspects of the thyroid gland showing the 
various positions in which a parathyroid gland has been demonstrated. d, The dotted 
line shows the parathyroid gland against the larynx. This type can easily be re- 
moved unless it is carefully visualized as the upper pole is pulled away from the 
larynx. h, The type of parathyroid gland with a separate terminal branch of the 
inferior thyroid artery. If an adenoma of the parathyroid gland cannot be found, 
the entire course of the inferior thyroid artery should be carefully demonstrated, 
preserving all its branches, If a branch comes off the main trunk downward, it 
should be followed, since it will often lead to a parathyroid adenoma in the 
mediastinum, 
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Fig. 9.—The removal of the pyramidal lobe, which is present in a large number 
of cases. If the pyramidal lobe is not removed in a patient with an exophthalmic 
goiter, it may enlarge sufficiently to cause persisting hyperthyroidism and an 
unsightly tongue of hyperplastic tissue in the central portion of the neck. There- 
fore, in subtotal thyroidectomy a careful search should be made for the pyramidal 
lobe, following it well up above the notch of the thyroid gland to the point where 
it disappears or ceases at the hyoid bone. In our experience in the removal of the 
pyramidal lobe, section of the hyoid bone has been unnecessary. 


On the right side the superior thyroid artery and vein have been ligated. The 
tie here is often so close to where the vessel is cut that with coughing it can blow 
off. When the operation is completed, therefore, this ligated stump of the superior 
thyroid artery and vein should be regrasped and ligated a second time above the 
first ligature. When the superior thyroid artery is thus twice ligated and the 
inferior thyroid artery is ligated as a trunk (Fig. 5), serious secondary arterial 
hemorrhage is unlikely. 
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Remnants of Thyroid Gland 
sutured Trdchea 


Fig. 10.—Completed reconstruction of the thyroid gland. The small stumps of 
thyroid tissue shown behind the dotted line in Fig. 5 are so sutured against the 
trachea with fine 00 catgut that the oozing surface is buttressed against the trachea. 
All bleeding of an oozing character is controlled, and drainage is unnecessary. 
Again, note the height to which the skin and muscle flaps are elevated in order to 
obtain high exposure. 
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Prethyroid Muscles 


Fig. 11.—The method of suturing muscles with mattress sutures, the height 
to which they are sutured, and the accurate closure of the muscles in the midline are 
shown. Unless the muscles are accurately closed in the midline, the skin flap will 
become adherent to the trachea, will ascend and descend with swallowing, and will 
thus result in an ugly disfigurement. The sutures are well above the point of innerva- 


tion and do not involve the same level as the skin suture. 
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Fig. 12.—Drainage occasionally is necessary in recurrent hyperthyroidism after 
second stage hemithyroidectomy. The drain is not inserted in the midline in a 
counterincision, as has often been proposed, because this produces disfigurement 
and the scar cannot be covered with a necklace. It is placed at the end of the 
skin incision, which will close when the drain is withdrawn, and pierces the 
sternomastoid muscle. Since it is at the outermost portion of the wound, 
adhesions will not occur between the trachea and the skin. When the drain is 
withdrawn from its opening in the sternomastoid muscle, the muscle will then 
be interposed in the scar in the bed of the thyroid gland to prevent fixation of the 
sear of the skin to the thyroid bed sear. 
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Fig. 13.—The method of freeing an intrathoracic goiter from the mediastinal 
tissue. Note that the index finger is inserted into the mediastinum outside the 
capsule of the adenoma and is swept around until the adenoma is freed from the 
pleura and cellular tissue in the mediastinum. This is the first step in removing an 
intrathoracic goiter which is often of such diameter that it cannot be made to 
pass through the aperture of the superior thoracic strait. 
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Fig. 14.—After the upper third or half of the adenoma has been freed from the 
surrounding cellular tissue and pleura in the mediastinum (Fig. 13), it is lifted with 
double hooks just above the clavicle and its top is incised. This leaves the soft 
contents exposed. Unless the tumor is carcinomatous and so of solid consistency, 
the index finger can be inserted into the center. Its contents, which are usually 
seminecrotic or semicystie, can be broken down and scooped out, and its fluid sucked 
out, thus decreasing its diameter. With gradual traction upward on the double 
hooks, which are inserted in the capsule, the adenoma is lifted and further separated 
with the index finger outside of the capsule (Fig. 13), freeing it from the pleura, 
thus further breaking down its center, with additional delivery. In this manner, 
enormous intrathoracic goiters can be delivered from the mediastinum without 
removing the manubrium or the clavicle. 
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Remnant of Thyroid Tissue 

Fig. 15.—The method of removing a discrete adenoma of the thyroid gland is t 
different from a subtotal thyroidectomy for exophthalmic goiter. } 

a, An Ochsner clamp with another small clamp over it is placed on the upper F 
portion of the nonadenomatous part of the gland and in the same manner on the t 
lower portion. Next clamps are placed along the outer side of the adenoma, where i 
normal thyroid tissue covers it, and this layer is cut, so that the adenoma literally : 
can be shelled out of the body of the thyroid tissue. As the adenoma is shelled out Pa 
toward the midline, a small envelope of thyroid tissue of varying thickness is retained y 
along the trachea until all the adenoma is excised. 5 

b, The edges of the thyroid gland can be brought together to reconstruct a good 5 
lobe of thyroid tissue. 

The recurrent laryngeal nerve is not shown, but in this operation, as in sub- f 
total thyroidectomy for exophthalmic goiter, the inferior thyroid artery is ligated FB 
to protect against later secondary hemorrhage, and the recurrent laryngeal nerve } 
is demonstrated. The wisdom of dissecting the recurrent laryngeal nerve in ; 
the removal of a discrete adenoma often has been questioned, but in this operation | 
it is even more important than in the removal of an exophthalmic goiter. A discrete % 
adenoma often so completely occupies the substance of the thyroid gland that but a 3 
thin shell of normal thyroid tissue remains between the back wall of the discrete ‘ 
adenoma and the nerve. Thus, the recurrent laryngeal nerve is in close contact with F 
this thin shell of tissue and with the capsule of the adenoma. Because of this, it is ‘ 


easy to penetrate the thin shell of thyroid tissue behind the adenoma and thus 
unknowingly pinch the recurrent laryngeal nerve. 
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Esophagus 
Scer //ssue 


Compressed Trachea 


Fig. 16.—The incorrect method of removing the isthmus in patients with 
thyroiditis who complain of constriction of the trachea due to organization of round- 
cell infiltration. No attempt has been made to prevent scar tissue formation between 
the two cut ends of the remaining lobes; thus contraction causes further constriction. 

a, The isthmus has been removed. 

b, The development of scar tissue between the two remaining lobes over the 
trachea. 

c, Compression of the trachea results from contraction of sear tissue replacing 
removed isthmus and joining the two lateral lobes. When this occurs the trachea 
sometimes is decreased sufficiently in size to interfere seriously with the intake of 
an adequate amount of oxygen. 
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2d 


Trachea 
Prethyroid Muscle 


Fig. 17.—The correct method of removing the isthmus for constricting thyroiditis. 
The suture of the prethyroid muscles is shown over the stump of thyroid tissue on 
each side where the isthmus has been removed. The prethyroid muscles are attached 
to the trachea, thus completely segregating the two segments of thyroid gland beside 
the trachea and preventing the formation of sear tissue between them. 


Surgery is rarely necessary in thyroiditis. Occasionally, however, as the result 
of the entire trachea being grasped by an enlarged thyroid involved in thyroiditis, a 
considerable sense of constriction results. This can be relieved by removal of the 
isthmus. Further constriction can be avoided by suturing the prethyroid muscle 
to the trachea over the sutured ends of the remaining thyroid tissue in each lobe, 
thus preventing the formation of any scar tissue between the two separated lobes. 
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Fig. 18.—Radical removal of one lobe of the thyroid gland for cancer, together 
with removal of the sternomastoid muscle, the internal jugular vein, the thyroid 
veins, and any lymphaties. 

a, The incision and b, the anatomic relationships following radical removal of one 
lobe and the isthmus of the thyroid gland for an adenoma. Malignancy had pene- 
trated the capsule of the adenoma and had involved the parenchyma of the thyroid 
gland. The incision can be longitudinal or can be carried across the neck as a fish- 
hook type. 

Since malignancy of the thyroid gland has a definite tendency to invade veins, 
it has always been our practice, when carcinoma has penetrated the capsule of an 
adenoma and involved the parenchyma of the gland on one side, to do a radical 
dissection, ligating the internal jugular vein high and low and severing the sterno- 
mastoid muscles high and low. The entire sternomastoid muscle, tributary veins, 
regional lymph nodes, and the entire right lobe and isthmus of the thyroid gland 
containing the malignant degenerated adenoma are then removed in one_ block. 
Included with the block of removed tissue are the prethyroid muscles, 
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/Tracheotomy 


Prethyroid Muscles — Qpening in Trachea 


Fig. 19.—A tracheotomy is occasionally necessary to save the thyroidectomized 
patient’s life. Edema or pressure upon the trachea may be so severe that the patient 
is unable to maintain an intake of oxygen sufficient to avoid a dangerous state of 
anoxemia. When the surgeon begins to think of the possibility of a tracheotomy, 
that is the time seriously to consider performing one. 

Contrary to expectations, we have never seen any serious degree of infection 
occur in the cellular tissue of the neck or even in the mediastinum following 
tracheotomy after removal of an intrathoracic goiter. 


A tracheotomy should not be performed at the easiest point, that is, near the 
level of the cricoid cartilage, which is shown in a. The trachea is narrowest here, 
and searring and stricture are apt to occur. A tracheotomy should be low, between 
the third and fourth rings. A small amount of cartilage should be removed, so 
that an adequate opening to admit the tube is obtained. 


In subtotal thyroidectomy for hyperthyroidism or for toxic adenoma, the isthmus 
is removed. This adds to the amount of thyroid tissue which is removed and also 
leaves the trachea so bared that a postoperative tracheotomy, if necessary, can be per- 
formed quickly and easily. 

We have no hesitancy in doing a tracheotomy if there is any question of the 
patient’s obtaining an adequate amount of oxygen. The tube can be removed 
on the fourth or fifth day, and the trachea closes quickly without incident. There 
usually is little interference with the scar, and even if there is, it is infinitely better 
to have to revise the scar than to endanger the patient’s life for lack of oxygen, par- 
ticularly in the postoperative stages of thyroidectomy for severe hyperthyroidism, 
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DRAINAGE IN THYROIDECTOMY 


DonaLp GutTHrRigz, M.D., F.A.C.S., AND 
IRWIN SCHIMMEL, M.D., Sayre, Pa. 


HE problem of drainage versus nondrainage in thyroidectomy is one 

which always arouses debate among surgeons. Ever since the days 
of Kocher, the father of modern thyroid surgery, drainage was prac- 
ticed by practically all of the early American surgeons with the excep- 
tion of Halsted, who advocated the use of silk and who believed that 
drainage of the wound was unnecessary. Drainage was necessary 
because heavy catgut was employed to secure hemostasis. As a result 
of the exudative response of the tissues to catgut, these wounds all 
drained freely for a considerable length of time. 

When catgut was used routinely at the Guthrie Clinic, all of the 
wounds were drained with one or more rubber tubes which were 
placed in the goiter bed and were allowed to remain about forty-eight 
hours. Large substernal and intrathoracic cavities were drained with 
three or four tubes which remained in place for four or five days. 
All of the wounds continued to drain approximately fifteen days, 
necessitating a hospital stay for the patient of at least sixteen days 
after the operation. 

Before discontinuing the catgut technique, an attempt was made to 
use finer catgut in order to eliminate drainage. However, this was 
unsuccessful because of the tissue response to the absorbable suture 
material. A compromise technique using fine catgut to suture the 
remnant and silk for all ligatures was tried; with this method we were 
able to close 62 per cent of the wounds without drainage. However, 
this technique was soon supplanted by an all-silk thyroidectomy. 
With the advent of the nonabsorbable suture technique, wound drain- 
age became unnecessary and, we believe, fraught with risk because of 
the danger of secondary infection through the open portion of the 
wound. 

Following the report of Meade and Oschsner, in 1940, in which 
cotton as a suture material was proved to cause less tissue reaction 
and earlier healing than silk, cotton replaced silk as the nonabsorbable 
suture material for all thyroidectomy wounds. With this technique, 
the patient’s temperature in the average case is usually normal within 
forty-eight hours. One-half of the clips are removed within twenty- 
four hours and the remainder at the end of forty-eight hours. The 
wound dressing may be discarded with safety at the end of ninety-six 
hours and the average postoperative stay in the hospital is reduced to 
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nine days. No further dressings are necessary and six days are re- 
moved from the post-thyroidectomy hospitalization. 

In reviewing our results since the adoption of the nondrainage tech- 
nique, we have found that in a series of 580 cases, it was necessary to 
use a drain in only 8 Furthermore, none of these drains was placed 
in the goiter bed, all being inserted under the skin flap as advocated 
by Coller. In this series there were three wound infections, two being 
of a minor nature. In one case the skin edges opened completely and 
a secondary closure was necessary. An occasional patient will require 
the removal of a sterile cotton knot. However, since we have used 
the very fine No. 80 cotton in the skin flap, this procedure has been 
“necessary in but two or three patients. 


Freeing lower 
flap in midline 


Fig. 1.—Freeing the lower flap in the midline only over the suprasternal notch. 
(Illustrations by permission of Surg., Gynec. & Obst., from ‘A Technique of Thy- 
roidectomy Permitting the Use of Silk’? by Donald Guthrie and Merle J. Brown 68: 
801-809, 1939.) 


Mediastinitis is feared by many surgeons following the removal of 
substernal or intrathoracic goiters if drainage is not employed. A few 
of them pack these cavities with gauze. Such a procedure would seem 
to insure secondary infection rather than to prevent it. We have not 
used drainage in any of these cases and have seen no untoward effects 
as a result. Two of our patients, in whom drainage was done when 
catgut was used, developed mediastinitis due to secondary infection 
and died as a result. 

There are a few technical points which must be employed if the 
surgeon is to use the nondrainage method successfully. In the first 
place all dissection must be sharp with a constant regard for tissue 
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beeause blunt dissection encourages edema and wound exudation. 
Mass ligatures must not be employed and hemostasis must be absolute. 
It is obvious that wide dissection of the lower skin flap is unnecessary 
for exposure and merely provides additional dead space where serum 
may collect (ig. 1). In accordance with the principles outlined by 
Lahey, after all the vessels have been ligated, the remnant which has 


Remaining portion : 
of 


Fig. 4.—Method of controlling hemorrhage from the remnant by two rows of the 
interrupted fine silk sutures placed at different levels in the long axis of the neck. 
Interrupted sutures are placed through the edges of the remnant and the fascia and 
the thyroid tissue of the trachea inverting the outer surface of the remnant to conceal 
its incised surface. 


been carefully plotted is rotated medially toward the trachea. Its 
lateral portion is then sutured to the small bit of thyroid gland which 
has been intentionally left attached to the trachea (Figs. 2 and 3). 
This brings the cut and oozing surface of the gland against the trachea, 
providing a valuable adjunct in hemostasis (Fig. 4). A dry wound is 
the sine qua non of the nondrainage method of thyroidectomy. In ad- 
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Fig. 5.—Sternothyroid muscles are sutured at the midline and to the lower portion of 
the remnant. 
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Fig. 6.—Illustrating the methed of dressing the wound. 
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dition, we believe that suturing the right and left sternothyroid muscles 
together in the midline and, if necessary, to the base of the remnant, is 
valuable in further insuring against oozing and bleeding (Fig. 5). The 
sternohyoid muscles are sutured in the midline and then the flap is 
carefully inspected to be certain that there is absolute hemostasis. 

As an added precaution to prevent flap oozing and to aid in obliterat- 
ing dead spaces, we employ a notched rubber sponge over the wound. 
This is held in place by two one-inch adhesive strips and the entire neck 
is wrapped with wide gauze bandage. We employ this technique in all 
eases. (See Fig. 6.) 

SUMMARY 

Drainage in thyroidectomy is unnecessary if a nonabsorbable tech- 
nique is employed. 

Careful hemostasis and special care for the remnant are responsible 
for the success of this method. 

In our experience, cotton is highly satisfactory and makes undrained 
thyroid wounds possible. 

By avoiding drainage, we have been able to reduce the average 
post-thyroidectomy hospital stay from sixteen to nine days, an economy 
for both hospital and patient. 
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A NEW PLAN IN THE OPERATIVE TREATMENT OF PATIENTS 
WITH SEVERE HYPERTHYROIDISM 


THe Usk or SPINAL ANESTHESIA AS AN ApJuUNCT TO THEIR 
PREOPERATIVE CARE 


MaJor CHarues E, Rea,* Mepican Corps, A.U.S. 


T IS the purpose of this communication to report briefly the employ- 

ment of spinal anesthesia as an adjunct to the operative management 
of severe hyperthyroidism. This plan has been employed in twenty 
cases with real satisfaction. Whereas, the use of spinal anesthesia in 
the management of postoperative thyroid storm has been described 
previously from this clinic, and whereas Crile and Bartels, Stuart, and 
Johnson have employed spinal anesthesia for a similar purpose, the 
basis of the proposal described herein is predicated on the thesis that 
an effective spinal anesthesia, which would inhibit medullary adrenal 
releases during the operation, would help to forestall the occurrence 
of immediate severe postoperative reactions. It is not the intent to 
secure anesthesia to a level (second to fourth cervical segment) which 
would permit the operation being done under this agency alone. On 
the contrary, a somatic analgesia to about the fourth dorsal segment 
is derived with the use of spinal anesthesia, the analgesic for the per- 
formance of the operation upon the neck being obtained with the use 
of other agents—usually a combination of pentothal and eyelopropane. 


MODE OF MANAGEMENT 


The usual considerations which have guided surgeons in the manage- 
ment of patients with severe hyperthyroidism constitute an integral 
part of the therapeutic program. Briefly the following are given 
eareful notice: 

1. The Use of Lugol’s Solution.—Of all the components of preopera- 
tive treatment of patients with severe hyperthyroidism, there is none 
so abused as the use of Lugol solution. When iodine first came into 
general use in the early 1920’s, the answer to the goiter problem was 
thought to be found. However, this has proved not to be the case in 
the ensuing years. Empirically, one gives five to ten drops of Lugol’s 
solution three times daily to patients with hyperthyroidism. One 
should never give Lugol’s solution for more than two-week periods 
without evaluating the clinical status of the patient. The practice of 
giving Lugol’s solution for months to goiter patients is to be eon- 
demned, as it is not only unnecessary but also may confuse the clinical 
picture. 


*Formerly from the Department of Surgery, University of Minnesota Medical 
School, Minneapolis, Minn. 
Received for publication, July 10, 1944. 
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The practice of treating children or adults with mild hyperthyroidism 
with small doses of iodine over a long period of time has been advo- 
cated by some clinicians. In our opinion this is a dangerous form of 
therapy for the reasons just mentioned, and it puts a big responsibility 
on the physician prescribing the treatment. Thyroidectomy is a safer 
and surer method of treatment. It is our policy to be more conserva- 
tive with children developing mild degrees of hyperthyroidism about 
the time of puberty. Two instances of mild exophthalmie goiter in 
children have come to our attention, in which spontaneous remission 
of symptoms after puberty occurred. Older children with hyperthy- 
roidism have been subjected to thyroidectomy similar to that in adults. } 


> 


At this elinie Lugol’s solution is given to patients with hyperplastic 
goiters and also to those with nodular goiters with hyperthyroidism, 
both pre- and postoperatively. In our experience it is not necessary 
to give iodine medication to patients with nodular goiter without hy- 4 
perthyroidism, either before or after operation. Rather disturbing, 2 
however, is the fact that of 155 patients with ‘‘nontoxie adenoma of 4 
the thyroid’’ operated upon at the University of Minnesota Hospitals ‘ 
between 1933 and 1940, who had not received Lugol’s solution pre- 
operatively, three showed degrees of thyroid storm postoperatively. 
These were probably cases of latent hyperthyroidism, not diagnosed 
clinically. For this reason, it is my personal opinion that it does no 
harm to give the majority of patients with nontoxie adenomas of the 
thyroid Lugol’s solution before operation. The question of what per- 
centage of nodular goiters without hyperthyroidism will be made toxie¢ 
by the use of iodine is important (so-called Jodbasedow). It is said 
that in Kocher’s clinic the use of iodine for sterilizing the skin in goiter 
operations was forbidden. Kocher’s successor, de Quervain, listed 
thirty-three cases of Jodbasedow in nine years. However, Dr. Carl 
Rice, at the goiter clinic at the University of Minnesota Hospitals, 
has purposely treated patients with nodular goiter without hyperthy- 
roidism with low doses of Lugol’s solution (one to two drops a day) 
up to a period of two years, and has not seen one who was made toxie 
by the iodine medication. Further, there are no statistical studies to 
show that there are more cases of toxic goiter developing among per- 
sons who took iodine for nodular goiter than among goitrous persons 
who did not take iodine (McClendon). It is my opinion that some 
instances of Jodbasedow are really cases of latent hyperthyroidism, 
flared up by stimuli other than the iodine. The whole question of 
Jodbasedow merits a complete and critical reinvestigation before defi- 
nite conclusions are warranted, however. 


2. Mental and Physical Rest.—By means of controlled environment 
and sedation, a state of mental and physical rest can be obtained in 
patients with hyperthyroidism. For sedation, phenobarbital, from % 
to 1 er. three times a day, are used with seconal, from 1% to 3 er., at 
night. At this elinie the patients are allowed bathroom privileges. 
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The mental attitude of the patient toward his condition and the oper- 
ation are very important because regardless of what the laboratory 
tests may show and how satisfactory his physical condition may seem, 
if the patient is nervous and apprehensive he is not a good eandidate 
for operation. 

3. Diet.—Patients with hyperthyroidism should be given a high calorie 
diet. A high protein and a high carbohydrate component should be 
stressed. The patient’s weight is one of the best cheeks on how he 
is progressing. A patient with hyperthyroidism who is gaining weight, 
regardless of what the basal metabolie rate may be, shows that he is 
improving under therapy. We have checked plasma proteins of four 
patients with severe hyperthyroidism and have found them to be with- 
in normal ranges. 

4. The Use of Other Drugs.—TVhe reports to date concerning the use 
of thiouracil seem to indicate that that drug is of value in the pre- 
operative management of certain patients with hyperthyroidism. Thi- 
amine chloride is given routinely to patients with hyperthyroidism at 
this clinic. Those whose elinical condition does not improve in spite 
of Lugol’s solution (iodine-fast) are often improved by attention to 
rest, diet, sedation, or thiamine chloride. In six iodine-fast patients 
with goiter, the use of diiodotyrosine gave no more benefit than that 
obtained with Lugol’s solution. 

5. Operation on Thyroid Gland.—The following factors should be 
taken into consideration before operating on the thyroid gland: the 
patient’s age, the size of the gland, the response to Lugol’s solution, 
the duration of the hyperthyroidism, the basal metabolism rate, the 
pulse, the gain in weight, and the patient’s general physical and mental 
condition. The procedure to be used should be decided in the sur- 
geon’s mind in the patient’s room before operation and not at the 
operating table. If, from an evaluation of the patient’s condition, 
just a ligation of the superior poles of the thyroid gland or a lobee- 
tomy is agreed upon, it is inviting disaster to proceed further just 
because the patient stood the stage procedure well. Moreover, if the 
patient begins to react badly while the surgeon is doing the procedure 
contemplated before operation, it is best to do the minimum and, if the 
operation has not gone too far, to close the wound as quickly as pos- 
sible. The three fatalities that have occurred in this clinic during the 
past three years in thyroid patients (out of a total of 308 operations) 
have been due to failure to observe one or both of these two rules. 

Sinee the whole rationale of thyroidectomy in hyperthyroidism is to 
shift the patient from a state of hyperthyroidism to one of hypothy- 
roidism, hoping to hit a happy medium, one ean realize how mueh the 
experience of the surgeon counts in judging how mueh of a thyroid 
should be removed. In severe thyrotoxie patients one aims to do a 
bilateral subtotal thyroidectomy in one or more stages. It is interest- 
ing to note how the stage procedure has passed from one of necessity 
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to one of election. At this clinic, a unilateral lobectomy has been the 
stage procedure of choice in the severely thyrotoxie patient. A right 
subtotal lobectomy is usually performed first, with surgical removal 
of the left side being deferred until two to four weeks later. The 
use of local, general inhalation or intravenous anesthesia, or combi- 
nations of these, depends somewhat on the choice and temperament of 
the surgeon. Ether is a bad anesthetic for thyrotoxie patients, as it 
tends to produce pulmonary edema. Cyclopropane has been used as 
the chief inhalation anesthetic at this clinic, but is contraindicated 
if the patient has eardiae irregularity. Its chief value lies in the high 
oxygen content of the mixture. 

At the University Hospitals the use of intravenous pentothal (‘‘sneak 
thyroidectomy’’) has proved of value in patients with toxie goiter. 
The procedure is as follows: For two or three days before operation 
the patient is given 1,000 ¢.c. of 5 per cent glucose in saline solution 
intravenously. Since operations are performed. in the afternoon at 
this hospital, the patient is given a liquid breakfast on the day of 
operation and intravenous glucose solution. No other preparation is 
made, so that the patient is unaware that he is to be operated upon 
that day. Just before operation, when the infusion has just about 
been completed, intravenous pentothal is given through the same in- 
fusion needle. The sleeping patient is taken to the operating room 
where the neck is prepared for operation and inhalation anesthesia is 
initiated. 


THE USE OF SPINAL ANESTHESIA IN PATIENTS WITH 
SEVERE HYPERTHYROIDISM 


In spite of careful preparation and preoperative care, some patients 
with severe hyperthyroidism have had degrees of thyroid storm post- 
operatively. To prevent such an occurrence, spinal anesthesia in the 
operative management of severe hyperthyroidism has been used. This 
idea was suggested from the good results following the use of spinal 
anesthetic in a case of thyroid erisis. This case has been reported in 
detail elsewhere. To date, spinal anesthesia has been used for three 
patients with thyroid crisis with good results at this elinie. 

Because of the good results following the use of spinal anesthesia 
in eases of thyroid crisis, it was suggested that spinal anesthesia might 
be used as a preoperative measure in cases of severe hyperthyroidism. 
A report of the first patient so treated is given in detail because when 
operation was first attempted, without the spinal anesthesia (control), 
the patient had a severe reaction on the table. 


CASE REPORT 


C. G., aged 41 years, was admitted to the University of Minnesota Hospitals, 
Oct. 11, 1941. He gave a history of dyspnea, and fatigability since the winter of 
1940 to 1941. Rather marked irritability had been noted by his wife about eight 
months previously. He noticed a mass in his neck and pounding of the heart 
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approximately three months prior to admission. In spite of an increased appetite, 
he had lost thirty-five pounds in the past year. He had noticed tremor of the 
hands for approximately two years. 

On admission, the patient’s temperature was 98.8° F., pulse, 100, respiration 20, 
blood pressure 138/60. 

Physical examination revealed a well-nourished, well-developed white man who 
was rather hyperactive. There was a mild exophthalmos of both eyes and the 
thyroid gland was diffusely enlarged and firm. No bruit was heard. The heart 
was of normal size and the tone was forceful; no murmurs were heard. The lungs 
were clear to auscultation and percussion and there were no abdominal masses. 
A fine tremor of both hands was present. There was a staring expression of 
the eves and definite lid lag. 

The patient had received Lugol’s solution, ten drops three times a day, since 
Sept. 28, 1941. He had also been given phenobarbital, 1144 gr. three times a day, 
and thiamine chloride, 1 mg. four times a‘day. Some ditticulty was experienced 
in raising his caloric intake sufficiently, but with a 5,200 calorie, high earbohy- 
drate, high protein diet, his hunger was relieved and he began to gain weight. 
Basal metabolic rate, Sept. 18, 1941, was plus 84 per cent; Oct. 2, 1941, plus 74 
per cent; and Oct. 12, 1941, plus 51 per cent. The basal metabolic rate never 
went below this level at any subsequent test. His pulse rate was not excessive 
and consequently it was thought that lobectomy should be attempted. 

Oct. 28, 1941, pentothal was given intravenously in his room and he was taken 
asleep to the operating room, where inhalation cyclopropane anesthesia was in- 
stituted. At the beginning of the operation the blood pressure was 140/80 and 
the pulse 120 per minute. After making the skin incision in the neck, his blood 
pressure was 180/90, but the pulse was still 120 per minute. On cutting through 
the platvsma muscle and retracting the strap muscles of the neck, the blood pres- 
sure was found to be 220/100 and the pulse 160. Some of this untoward reaction 
was thought to be due to the cyclopropane, so this anesthetic was discontinued 
and only oxygen given. However, since the patient did not improve, the skin 
incision was closed and the patient transferred back to his room. 

The patient had quite a stormy time for the first few postoperative days. Be- 
cause of this reaction, it was decided to give him a course of deep x-ray therapy 
to the thyroid gland; he received 500 r/air to the anterior thyroid region and 
250 r/air to the right and left lateral thyroid areas over a period of nine days 
from Nov. 5 to 14, 1941. His basal metabolic rate Nov. 7, 1941, was plus 53 per 
cent. The patient became somewhat restless and did not seem to acquire a mental 
and physical calmness during this time. Noveniber 17, L941, the patient was op- 
erated upon again. Anesthesia was induced with intravenous pentothal sodium in 
his room. In the operating room 75 mg. of procaine hydrochloride was given 
intraspinally in the third lumbar interspace. Anesthesia, as determined by pinch- 
ing the skin with a Backhaus forceps, was obtained to the third intercostal space. 
Inhalation ethylene anesthesia was then given and a bilateral subtotal thyroidec- 
tomy performed. 

The patient had a surprisingly smooth operative course. The blood pressure 
was maintained at about 140/80 and the pulse between 100 and 120, Postopera- 
tively, his condition was good and, except for a hematoma in the wound, his course 
was uneventful. He was discharged, Nov, 30, 1941, with instructions to report 
for checkup to the outpatient clinic. When seen Jan. 16, 1942, his basal metabolic 
rate was plus 35 per cent, his weight was 215 pounds, and he looked and felt well. 
April 16, 1942, his basal metabolic rate was plus 12 per cent, his weight 220 
pounds, and he was doing moderately heavy work. 


To date, we have operated upon twenty patients with severe hyper- 
thyroidism, using a combination of intravenous pentothal, spinal and 
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inhalation anesthesia. Under this regimen we have been able to do 
bilateral subtotal thyroidectomy upon patients who heretofore we 
would have done only stage procedures. In eight of the patients the 
basal metabolic rate was never lower than plus 60 per cent before 
operation. (See Table I.) We have been impressed with the smooth 
operative and postoperative course in these cases. 

The whole purpose of the spinal anesthesia as used in these cases is 
to inhibit medullary adrenal releases during the operation, which 
would forestall the occurrence of an immediate severe postoperative 
reaction. It is not the intent to secure anesthesia to a level (second 
to fourth cervical segment) which would permit the operation being 
done under this agency alone. The question comes up, of course, how 
do we know that the adrenals are so important in thyroid storm. We 
believe that the adrenals are important, first because of the reactions 
accompanying the so-called Goetsch test. In this test, if adrenalin is 
given intravenously to patients with mild or latent hyperthyroidism 
the patient gets a reaction akin to a thyroid storm. Second, if there 
were signs of hyperadrenalin, one would expect an inerease in the 
blood sugar. We have examined the blood sugar of these patients 
before, during, and after thyroidectomy using spinal anesthesia, and 
have found that the blood sugar is not increased. The short-time 
factor in performing the operation must be taken into consideration 
in evaluating these normal levels. No determinations of the amount 
of adrenalin in the blood during these operations have been made as 
there is no aceurate method known to date. 

It is important that a somatie analgesia to about the fourth dorsal 
segment be derived from the use of spinal anesthesia, if one hopes to 
inhibit the splanchnic nerves to the adrenal glands. We have checked 
the level of spinal anesthesia by noticing when the patient gives evi- 
dence of pain by pinching the skin of the chest at different levels 
before induction with general anesthesia and after operation when the 
patient is arousing from the anesihetie. 

Procaine has been used as a spinal anesthetic, the dose varying from 
80 to 120 mg. The head of the table may be tilted downward 10 de- 
grees for a few minutes to assure high enough anesthesia. In so doing, 
the patient’s head should be raised on a pillow to prevent the anes- 
thesia from extending to the cervical segments. 

In these cases we have not used any pressor drugs to prevent or 
treat falling pressure. In two instances the blood pressure fell rather 
alarmingly during operation. This was treated by Trendelenburg po- 
sition and intravenous fluid. 

It is to be emphasized that it is not necessary to use a spinal anes- 
thetic in all thyrotoxie cases. However, for our experience, its use in 
the operative treatment of certain eases of severe hyperthyroidism 
would seem justified and the risk seems less than it would be if one 
attempted to do the same operation without the spinal anesthetic. 
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SURGERY 


SUMMARY 


We have been impressed with the use of spinal anesthesia as an ad- 
junct to the operative and postoperative management of severe hyper- 
thyroidism. The basis of the proposal is predicated on the thesis that 
an effective spinal anesthesia, which would inhibit medullary adrenal 
releases during the operation, would help to forestall the occurrence 
of immediate severe postoperative reactions. It is not the intent to 
secure anesthesia to a level (second to fourth cervieal segment) which 
would permit the operation being done under this agency alone. On 
the contrary, a somatic analgesia to about the fourth dorsal segment 
is derived with the use of spinal anesthesia, the analgesie for the per- 
formance of the operation upon the neck being obtained with the use 
of other agents, usually a combination of pentothal and cyclopropane. 
The idea is rational and feasible; further investigation is necessary to 
determine how valid the premises are. 
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THE MANAGEMENT OF POSTOPERATIVE COMPLICATIONS 
IN THYROID SURGERY 


Howarp M. Cuiute, M.D.,* Francis R. Kenney, M.D., AND 
Burton E. Hamitron, M.D.,t Boston, Mass. 


HE early detection and proper management of postoperative com- 

plications are an essential part in the care of all surgical cases. In 
surgery of the thyroid gland, however, immediate and personal atten- 
tion to postoperative care is not only desirable, but frequently is life- 
saving. In few other fields of surgery may the postoperative troubles 
of the patient so quickly produce dire results. It is important, then, 
in any discussion of thyroid surgery that due attention be paid to post- 
operative care. 

As has been so frequently observed, a set team of anesthetist, surgeon, 
assistant, and nurse is of the greatest value in thyroid surgery and in 
postoperative care. The less frequently the personnel of this team is 
changed the more smoothly and efficiently do they work. In our elinie, 
the anesthetist accompanies each thyroid patient back to the room and 
sees the patient safely into bed. She makes certain that the patient’s 
airways are free. If there is any doubt about this, she remains with 
the patient until breathing is comfortable and easy. Oxygen is given 
many patients for some hours after operation, especially if they are 
toxic, and this is started and checked by the anesthetist. Either a tent 
or an intranasal catheter has proved most satisfactory in our hands. 
Most patients find the B.L.B. mask unpleasant to wear. 

Intravenous fluid is also ordered and frequently given by the anes- 
thetist immediately on the patient’s return to bed. This may be glucose 
in water or glucose in saline solution, with or without Lugol’s solution 
added, as the situation demands. 


On return to bed the patient is placed flat or on one side for the 
first six or ten hours. Then the head of the bed is gradually raised 
and a sitting position assumed and maintained for most of the imme- 
diate postoperative period. 

Nausea and vomiting? * are not infrequent annoyances in the first 
twelve to twenty-four hours after goiter surgery. Usually due to the 
preoperative and postoperative medication and the anesthesia, they 
are readily managed by replacing intravenously the fluids and salts 
that have been lost. Not infrequently we find that the nausea and vomit- 
ing seem to be related to injections of morphine and cease when this 
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drug is discontinued. Very often at the end of the first postoperative 
day codeine and aspirin are substituted for morphine and effectively con- 
trol discomfort. Except in the rare cases of vomiting due to a post- 
operative storm, this complication has never been a serious problem. 

Postoperative hemorrhage? * is a very rare occurrence today 
in thyroid surgery, but when it occurs immediate and active treatment 
is essential. No serious hemorrhage has occurred in our practice for 
many vears, due, we believe, to our constant attention to all oozing in 
the field at operation and our tendency to tie both the superior and 
inferior thyroid arteries in each case in which oozing is troublesome. 

Hemorrhage, when it does occur, may develop at catastrophic speed. 
Usually patients having a serious thyroid hemorrhage suffer more from 
the resulting pressure of the blood on the trachea than they do from 
acute blood loss. A patient perfectly comfortable one moment may 
suddenly develop a wide swelling across the neck which bulges forward 
almost obliterating the normal submental depression. With this swelling 
there is increasing stridor and anxiety, and very little time for delay. 
The skin clips must be removed in the room and the sutures holding 
the prethyroid muscles cut. This releases the tracheal pressure and 
overcomes the stridor. Large gauze packs are placed over the wound 
and the patient is quickly transported to the operating theater for con- 
trol of the bleeding. 

In our experience a severe hemorrhage of this type has always been 
from the superior or inferior thyroid artery. It has been disconcerting 
in some of these cases to find no artery pumping when the field was 
exposed. After careful exploration, however, the vessel usually starts 
bleeding again and the main trunk can be tied. When no one vessel 
can be found in such a case, it is best to ligate both superior and inferior 
thyroid arteries before sending the patient back to bed. 

Occasionally a hematoma‘® will appear under the skin flap three or 
four days postoperatively, the wound having been normal up to this 
time. No interference with breathing is present. We usually find that 
this is due to oozing from a small vein under the skin flap. The post- 
operative course will be shorter and smoother and the sear probably 
better if this hematoma is evacuated in the operating room and the 
skin edges reapproximated. Frequently one dislikes subjecting the 
patient to a second operation and, therefore, waits for the hematoma 
to liquefy and drain externally. This requires many dressings, but 
usually the results are good. 

For two years or more, we have removed all the skin clips in the 
thyroid incision twenty-four hours after the operation. This, we be- 
lieve, has greatly improved the scars. No wounds have separated and 
no trouble has- occurred due to this procedure. 

In past years it has been our experience that 85 per cent or more of 
all our thyroid incisions showed a collection of serum* ® under the skin 
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flap during the postoperative course. By probing with a small needle 
this was released with little serious effect on the scar. In recent vears, 
however, serum has been extremely uncommon in these wounds and, 
in faet, rarely oceurs unless a hematoma has been present. This change, 
we believe, is due to our use of 4-0 catgut for ties in the skin flap, fine 
catgut in the deep ties, and our technique of retracting rather than 
cutting the prethyroid muscles in most cases. Less trauma and less 
catgut have given markedly improved wounds. 

Sometimes in large goiters there is a brawny edema’ extending across 
the neck for several days postoperatively. This generally clears up in 
a few days. Any accompanying discomfort is alleviated by hot poultices 
or ice bags. Very rarely intection® * © occurs under the skin flap. This 
has never been dangerous. It is treated with hot flaxseed poultices and 
probing for any purulent fluid in the wound. Anesthesia of the skin 
flap? may persist for some time, but is usually gone at the end of six 
months. 

Very rarely in extremely toxie patients there may be jaundice, prob- 
ably due to accentuation of the liver damage '’ occurring in severe 
hyperthyroidism. A high carbohydrate, high protein diet should be 
given in these cases as well as generous amounts of intravenous glucose. 

Infection extending into the superior mediastinum*® 
after thyroid surgery, but certainly this is one of the rarest complica- 


may occur 


tions in our experience. It is most to be feared following the removal 
of a deeply substernal goiter. It should be suspected if there are a rising 
pulse and a moderate fever, the pulse usually being proportionately 
much higher than the fever or toxicity of the patient. X-ray pictures 
should show typieal widening of the mediastinum. Immediate reopera- 
tion to cut transversely the prethyroid muscles and drain the medias- 
tinum is indicated. The prognosis is bad unless the fluid released is the 
result of inadequate drainage of the substernal area and is relatively 
sterile. Chemotherapy is used in these eases and may be helpful. 

Some degree of tracheal irritation and tracheitis® * is very com- 
mon after thyroidectomy. We believe that the degree of tracheitis is 
in most cases directly proportional to the roughness of the surgery. 
Rough handling of the larynx and trachea, especially on the posterior 
surfaces, seems to us to produce marked tracheitis. Certainly the dissee- 
tion of the thyroid from the front of the trachea causes little difficulty. 
Mild degrees of tracheitis disappear in from twenty-four to forty-eight 
hours without special treatment. In some instances a steam kettle in 
the room seems to make breathing more comfortable. 

Marked stridor, cough, trouble in swallowing, and even regurgitation 
of liquids through the mouth or nose occasionally oceur in postoperative 
eoiter cases. These are most unusual, and it is probably true in such 
‘ases that there has been an injury to: (1) either the superior or inferior 
laryngeal nerve, (2) the fine museles of the larynx or, possibly, as Cole® 
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has suggested, (3) an actual spasm of the tracheal muscles. Temporary 
relief in these patients may be gained by using oxygen, or oxygen and 
helium inhalations. If marked swelling is present in the wound it must 
at once be widely opened and preparations made for tracheotomy. 

The surgeon’s great tendency in the presence of marked stridor is to 
delay tracheotomy too long. Men still say that ‘‘when cyanosis appears, 
a tracheotomy must be done.’’ This policy of waiting for cyanosis be- 
fore doing a tracheotomy will result in some fatalities because the mar- 
gin of safety in partial tracheol obstruction is very low and any slight 
increase in the obstruction may at once produce a fatality. We have 
done tracheotomies in such cases, being gratified by the immediate re- 
lief obtained and astonished at the failure of the procedure to leave 
an unsightly sear. 

Certainly we are convinced that marked tracheal obstruction with 
severe stridor can occur without any injury to the recurrent laryngeal 
nerves. We have seen both vocal cords functioning well, and normally 
five days after a tracheotomy had been necessary for tracheal and 
laryngeal spasm with obstruction. 

Injury to one recurrent laryngeal nerve? ** may occur during thy- 
roidectomy with no accompanying symptoms. After the operation the 
patient’s voice may be affected, particularly as to the tone and volume. 
In many instances the voice returns very nearly to normal, but in 
others a permanent change is apparent. Injury to one recurrent laryn- 


geal nerve is, in our experience, very rare and never fatal. No special 


treatment is indicated. 

Injury to both recurrent laryngeal nerves is a most serious matter, 
carrying in its train marked or even fatal postoperative complications. 
Bilateral injury to the recurrent nerves should be prevented at any 
cost. In over 5,000 goiter operations performed by one of us (H.M. C.) 
this has never oceurred. 

Bilateral vocal cord paralysis may cause immediate and serious laryn- 
geal obstruction with obvious inspiratory stridor. Examination of the 
larynx makes the diagnosis readily apparent. If the obstruction is pro- 
nounced, immediate tracheotomy must be done. In many eases the 
seriousness of this complication is not apparent until the patient is up 
and about. With increased exercise, breathing becomes much more 
difficult and a great increase in stridor occurs. 

In these eases it is wise to postpone any radical treatment of the 
paralyzed cords for eight or ten months or more. Occasionally, one of 
the cords will regain its motility and the breathing will thereby im- 
prove. If, after such a delay, there is still complete bilateral cord 
paralysis, radical operation for its improvement may be advised. 


Hoover® has had good results with bilateral submucous resection of the 
cords in these cases. More recently King® has reported good results 
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from transplanting the omohyoid muscle to the base of one arytenoid 
cartilage and reconstructing the larynx, thus enlarging the glottie fissure. 

Postoperative thyroid storms”! '' are today far less frequent and 
much less severe than in the past. With the increasing care and greater 
length of the preoperative preparation of thyrotoxie patients and eare- 
ful adjustment of the stages of operation to each individual, serious 
thyroid storms can be avoided. From our experience to date with 
thiouracil,’? ** we believe that the few serious reactions we now see 
after thyroidectomy ean probably be avoided. 

In reeent years the occasional serious reactions after thyroid opera- 
tions have manifested themselves largely by an undue inerease in the 
pulse rate and a rise in temperature. Formerly these symptoms were 
commonly accompanied by nausea and vomiting, often very persistent. 
Rarely today do we see the great museular activity and mental and 
emotional excitement that were so frequent in the early days of thyroid 
surgery. Perhaps this is due to the improved preoperative preparation. 

In serious postoperative thyrotoxie cases we place the patient in 
an oxygen tent at once and continue this for hours or days as is in- 
dicated by the patient’s reactions. Intravenous instillations of 5 per 
cent glucose in normal saline solution alternated with 5 per cent glucose 
in distilled water are given so that the urinary output is brought to 
1,000 or 1,500 ¢.e. per day. Ten minims of Lugol’s solution are added 
to each intravenous infusion until 80 minims per twenty-four hours 
have been given. Morphine is given in sufficient doses so that the patient 
rests quietly. 

Careful attention must be paid to the lungs in these cases and chemo- 
therapy with the appropriate sulfonamide drug started at once if any 
suggestion of pneumonia is present. 

Following surgery (whether this is directed at the thyroid gland or 
elsewhere), patients with hyperthyroidism tend to show evidence of 
inereased load on the circulation. The pulse rate quickens and the blood 
pressure sometimes rises. The systolic pressure rises proportionately 
more than the diastolic pressure. There are accompanying evidences 
of hurried circulation. Although there is much individual variation, 
the average curve of the load on the circulation appears to rise slowly 
during the first twenty-four hours, then rise abruptly. Then, during 
the thirty-six to forty-eight hours following the operation there is, typ- 
ically, a rapid lessening of the load toward normal. In some, the return 
toward normal is delayed for several days even though there are no 
apparent complications. During this period when the circulatory load 
appears to be high, other symptoms of increased hyperthyroidism may 
appear. 

Congestive heart failure rarely appears for the first time following 
operation, although in patients who have had heart failure previously 
and in the rarer eases in which the patients have to be operated upon 
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while actually in congestive heart failure, signs of failure may re- 
appear or be somewhat aggravated. Elderly patients and those with 
other complicating heart conditions should have special care, to spare 
the heart unnecessary strains. They must have adequate rest, sedation, 
nursing care, and oxygen, if needed, and in particular they must have 
their fluid administration carefully controlled so that there is an ade- 
quate supply but not an excess. It is easy to overcrowd the cireula- 
tion and produce signs of congestive heart failure by heedless forcing 
of fluids to old people or those with a cardiae condition. It sometimes 
produces violent attacks of paroxysmal dyspnea. For such thyro- 
eardiaes or potential thyrocardiaes, it should be a rule to visit each 
one frequently, and always before any large amount of fluid is given; 
routine orders for fluid administration must not be relied upon. <A 
nurse should stand by the patient while intravenous fluid is given, 
with instructions to stop the administration instantly if respiratory dis- 
tress or quickened breathing appears. 

As is commonly known, hyperthyroidism tends to cause auricular 
fibrillation. It is a ‘‘law’’ that if hyperthyroidism causes auricular 
fibrillation, when the hyperthyroidism is adequately treated the auricu- 
lar fibrillation will disappear. Therefore, many patients who have 
auricular fibrillation when first seen return to normal rhythm when 
the hyperthyroidism is treated. No treatment directed at the auricular 
fibrillation is needed except control of the rate by digitalis. A long 
time should be allowed to go by following surgery before special medi- 
cation other than digitalis is indicated in an attempt to restore normal 
rhythm. 

Patients who have normal heart rhythm when operated upon fre- 
quently develop auricular fibrillation during the postoperative period 
when the load on the circulation is high. Those who have had transient 
attacks of auricular fibrillation before operation are most likely to 
develop it during the critical postoperative period. Among those who 
have not had it previously, it rarely appears postoperatively in patients 
under 40 years of age. It appears more and more often as age ad- 
vanees. The severity of the hyperthyroidism and the postoperative 
reaction are also factors. 

The appearance of auricular fibrillation in a patient following thy- 
roid surgery is not cause for alarm. Nor does it indicate drastic 
therapeutic efforts. It does indicate watchfulness, close attention to the 
patient’s wants and comfort, and thoughtful treatment with digitalis 
or drugs with similar action. For vears we have used digitalis in the 
control of the rate in auricular fibrillation in hyperthyroidism with 
gratifying effect. Our rules for its use are as follows: We do not 
use digitalis in patients who have normal rhythm. Rare exceptions to 
this rule would be (1) patients with complicating serious heart disease, 
and we sometimes digitalize carefully (2) patients who have had re- 
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peated attacks of transient auricular fibrillation, since they are almost 
certain to have a return of the auricular fibrillation postoperatively, 
and we ean anticipate this comfortably by leisurely digitalization in 
preparation for operation. 

Some variations in the strength of digitalis preparation are to be 
expected, and some variation in the tolerance of individuals to the 
drug. Slight over digitalization, if not long-continued or severe, is 
usually not actually dangerous. But it can cause distressing and even 
serious symptoms. At best, it is uncomfortable for the patient. 

Until recently, we have given from one-half to two-thirds of the 
estimated full dosage at the first dose, and then three-grain or one and 
one-half grain doses every eight hours until the heart rate is satisfae- 
torily controlled or until toxie symptoms appear. We then maintain 
the action by suitable daily doses under supervision. 

This plan has worked well, but by this method there is usually a delay 
of many hours before the patient’s circulation has received the full 
benefit of the drug action. Recently we have used a preparation of 
Lanatoside C, intravenously. We have used for the initial dose approxi- 
mately 6.5 cat units. There may be a prompt and appreciable response. 
On several occasions normal rhythm has appeared within less than one- 
half hour after the first intravenous dose, but often considerably more 
has been needed, either intravenously or by mouth or rectum, before 
the pulse rate has been satisfactorily controlled. We are still learning 
about the amount and timing of the dosages, and therefore do not recom- 
mend any fixed procedure. But we believe that the intravenous use of 
Lanatoside C is a distinct advance in the treatment of auricular fibrilla- 
tion when it first appears, and when the patient has not had digitalis 
within two weeks. 

Auricular flutter occasionally occurs postoperatively and is regarded 
and treated like auricular fibrillation. Other paroxysmal tachyeardias 
are no more likely to occur after thyroid than after other operations. 

Since hyperthyroidism and myxedema rarely if ever appear as im- 
mediate postoperative complications in thyroid cases, they are not 
discussed in this paper. 

Tetany® ® 7° 1 occurs after thyroid surgery if the blood supply of 
the parathyroids is partly destroved or if a sufficient number of para- 
thyroid glands are removed to reduce markedly their secretion. Post- 
operative tetany is rare and is usually transient. We have seen one 
transient case in our last 1,000 thyroidectomies. 

Tetany may be suspected if typical carpopedal spasms and other 
muscular contractions occur hours or days after a thyroidectomy. 
Trousseau’s and Chvostek’s signs when positive make the diagnosis 
quite certain. Examination of the blood ealeium will show it to be low. 
Occasionally postoperative tetany will have a sudden onset and the 
patient will have such muscular spasms that breathing and swallowing 
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are rapidly and seriously affected. Here there is no time for blood 
calcium studies. Active measures must be undertaken at once. 

In such acute cases from 5 to 10 ¢.c. of 10 per cent calcium chloride 
should be given at once intravenously, mixed with 100 ¢.¢. of normal 
saline solution to prevent sloughing. This is effective in a matter of 
minutes and controls the acute spasms. Calcium lactate, from 2.5 to 
4 Gm. dissolved in hot water, every two to four hours along with two 
to three teaspoons of cod-liver oil daily assists the calcium metabolism. 
Calcium lactate, being less irritant, is sometimes given intravenously 
instead of calcium chloride and requires no saline solution for dilution. 
Occasionally parathormone extract subcutaneously may be used. Pem- 
berton and Stalker" feel that A.T.10 with calcium lactate may be the 
easiest way to treat chronic parathyroid deficiency. All such therapy 
must be earefully followed and repeated blood calcium studies made. 

Severe ocular complications’? may follow thyroid surgery in patients 
having marked exophthalmos. These may be due to injury to the 
cornea during the adjustment of the anesthetist’s mask, or other types 
of trauma and infection in eves left unprotected by incomplete closure 
of lids. Such eye complications should be seen and treated at once by 
an ophthalmologist. The thyroid surgeon and his team must be par- 
ticularly careful before, during, and after operation, in the care of the 
eyes of the patients who have pronounced exophthalmos. 

The sear? after a successful thyroidectomy is usually the only re- 
minder that the patient has of her previous illness. In a few months 
all the symptoms that made thyroid surgery necessary will be forgotten, 
but the sear, especially if it is a bad one, will remain and will receive 
much attention; hence we lay great stress on the proper placing of the 
thyroid incision at operation and its care afterward. As previously 
stated, we remove all the clips twenty-four hours after the operation; 
superficial drains are removed with the clips; if serum or blood collects 
under the skin flap it is immediately released by use of a very fine 
probe. When the wound is healed there may be adherence between the 
sear and the fascia which causes an unsightly irregularity. This can be 
improved greatly by gentle massaging to lengthen the adhesion. We 
start this ten or twelve days after operation. Deep induration and swell- 
ing may be present for five or six weeks in some cases, especially if the 
muscles have been cut. No treatment for this other than reassurance is 
needed. 

It is apparent that with adequate preoperative preparation of the 
toxic thyroid patient the most serious complication of thyroid surgery, 
postoperative storm, will be absent or mild. It is equally true that with 
increased technical skill the difficulties due to injury of recurrent 
laryngeal nerves or to parathyroid glands can be avoided. Today the 
complications after thyroidectomy are chiefly those common to any 
operation, and like all surgical complications can be largely avoided 
by careful preparation for operation and a skillful operative technique. 
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THE PROBLEM OF THYROID CRISIS* 


Ropert W. Buxton, M.D., ANN ArsBor, MICH. 
(From the Department of Surgery, University of Michigan Hospital) 


ESPITE the great progress made in the last several decades in the 

recognition, treatment, and pre- and postoperative care of patients 
with diseases of the thyroid gland, there is still that group of patients 
who suddenly and unexplainedly, during the course of their disease, 
showed a profound and severe reaction designated as thyroid crisis. This 
interlude in the course of an apparently well-known disease is the 
cause of much speculation and the source of much medical comment. 

As in all diseases resulting from a malfunctioning of the glands of 
internal secretion, there are all degrees of apparent dysfunction of the 
thyroid gland. Those patients exhibiting a marked disturbance of the 
central nervous system with overwhelming changes in the heat-regulat- 
ing mechanism and accentuation of all of the symptoms of thyrotoxicosis 
are adjudged in thyroid crisis. To many clinicians any sudden pre- 
or postoperative variation in this direction is termed crisis, while to 
others only those patients who progress and terminate fatally fall into 
this group. 

A wide clinical, pathologic, and physiologic search of the nervous sys- 
tem, the cardiovascular system, the liver, thymus, and adrenals, along 
with the physicochemical analysis of certain elements in the circulating 
body fluids in these patients has failed, to date, to shed any clear light 
upon a single factor to which the etiology of thyroid crisis can be solely 
attributed. Much of the recent experimental work has been carried out 
on this problem, and many of the clinical manifestations of the patient 
in erisis reproduced and an explanation tendered. 

In an overall survey of the frequently reported cases, two outstanding 
clinical features appear common to all: (1) There is a_ progressive 
augmentation of all of the symptoms of thyrotoxicosis as it pertains 
to each of the great body systems (central nervous system, cardiovas- 
cular system, and hepatorenal system) until recovery or death ensues. 
(2) The terminal clinical signs and symptoms and the necropsy findings 
emphasize a breakdown in one or more of these systems. There is no 
uniformity of findings and no pathognomonic features common to all 
cases. 

It is our impression that thyrotoxicosis is not a fatal disease when 
correctly treated, that thyroid crisis is not a specific entity, and thiat 
death in this state results from the various complications associated with 
the augmented metabolism which are often injudiciously and inaceu- 
rately treated. 

*Aided by The James and Elizabeth Inglis Fund for Surgical Research. 
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The deaths in thyroid crisis are frequently ‘‘cardiae deaths,’’ at least 
terminally, and this aspect has received universal attention. There are 
at least three opinions concerning the effects of thyroid disease on the 
heart,' namely, (1) that thyrotoxicosis has no effect upon the heart ex- 
cept to increase the metabolic activity, (2) that the thyroid disease causes 
myocardial damage, hypertrophy of the heart, and various clinical 
cardiac manifestations, and (3) that thyrotoxicosis acts only as a cata- 
lytic agent and brings to the surface latent cardiovascular lesions. 

The work of Raab? and of others suggests, as a fourth alternative, 
that increased production of epinephrine-like substances may produce 
the myocardial hypertrophy and dilatation, the arrhythmias and the 
myocardial degeneration in patients with thyrotoxicosis. He has found 
abnormally high concentrations of ‘‘epinephrine-like catechols’’ or of 
epinephrine proper and sympathin in the hearts of the majority of a 
selected group of patients who died from ecardiae failure. Certain hor- 
hormonal and nutritional factors were found to enhance the aceumula- 
tion of the epinephrine-like catechols in the hearts of experimental ani- 
mals. Two of these factors which qualitatively increased this desired 
accumulation were an overdose of thyroxin and a vitamin B, deficiency. 
The fundamental role of sympathomimetic amines with a catechol nu- 
cleus in the generation of myocardial disease is further stressed by an 
abundance of observations regarding the experimental production of 
the characteristics of myocardial disease (arrhythmia, anoxic changes 
in the electrocardiogram, anginal pain, pulmonary edema, hypertrophy 
and dilatation of the heart, myocardial degeneration and necrosis, ¢ar- 
diac failure and death) through the administration of epinephrine and 
related amines. 


Crile® has pointed out that the known precipitating factors of thyroid 
disease (fear, anger, worry, infections, operations, pain, asphyxia, hemor- 
rhage, and physical exertion) are factors stimulating the adrenals. 


With some of these facts in mind Maddock and associates* studied 
the concentration of epinephrine-like substances in the blood of patients 
with hyperthyroidism. No evidence was found of this substance in the 
peripheral venous blood of the majority of the patients who were re- 
sponding well to the routine preoperative treatment. In patients whose 
progress was not satisfactory and in whom fever was present, the test 
occasionally showed the presence of a small amount of epinephrine-like 
substance. A few patients postoperatively showed a positive test, the 
highest values being obtained in two patients of the group tested who 
developed severe thyroid crisis. In one of these, the patient who recov- 
ered, the epinephrine test became negative about the time the crisis sub- 
sided. 

After correlation of these faets and findings, one may assume that 
the clinical cardiae findings and the cardiae deaths resulting in thyro- 
toxicosis and thyroid crisis follow excessive concentration of the sympa- 
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thomimetic amines in cardiae muscle. The effeet of the sympathomimetic 
amines upon the oxygen uptake in cardiac muscle and therefore the 
effect of diminished oxygen pressures or anoxia is not well known. 

Perhaps the most outstanding features, and certainly the most strik- 
ing in thyroid crisis, are those of the central nervous system. They are 
in general the symptoms produced by an anoxie anoxia. In milder 
cases of thyroid crisis, patients have the general features of ‘‘ mountain 
sickness,’’ a feeling of well-being, exhilaration, talkativeness, emotional 
outbursts (such as laughing and erying), quarrelsomeness, and develop- 
ment of fixed ideas. The symptoms of fulminating crisis are those of a 
severe, acute oxygen deprivation, namely, delirium, mania, hyperpyrexia, 
and coma. 

Since Magnus-Levy, in 1896, suggested that the thyroid hormone 
might act either directly on tissues or indirectly by way of the nervous 
system, numerous attempts have been made to locate its site and manner 
of action. An outstanding contribution to this problem was made by 
Cohen and Gerard® in 1937. These workers and others have shown 
in experimental animals that the respiration of individual cells is en- 
haneed by thyroid hormonal action, for an increased oxygen consumption 
by hyperthyroid tissues persists in vitro. The oxygen consumption of 
hyperthyroid brains is approximately four times as much as that of 
normal brains on adding substrates which are involved in earbohydrate 
oxidation and glycolysis. Analysis of the respiration changes, induced 
by accelerators, methylene blue and cresyl blue, and such inhibitors as 
cyanide, malonate, iodoacetate, arsenite, barbital, and urethane, indicates 
that the absolute concentration of various enzyme systems is greater in 
hyperthyroid than in normal brain and that certain dehydrogenases 
are increased relatively more than oxidases. This work has been further 
investigated by Kessler and Gellhorn,’ who found the sensitivity of un- 
anesthetized animals to lowered oxygen pressure was greatly accentuated 
following the administration of thyroid powder. The electroencephalo- 
eram was the method used to record these results. 

One may conclude from these statements that many of the abnormal 
manifestations in the e¢ atral nervous system seen in crisis are the results 
of anoxia and follow the presence of excessive amounts of circulating 
thyroid hormone. I has long been known that the effect of administered 
synthetic thyroxine develops slowly (about seven hours) and lasts for 
a long time (five to six weeks).'° The usual manifestations seen post- 
operatively may well not reach their maximum effect for from eight to 
ten days. 

The profound and striking disturbances in the heat-regulating mech- 
anism in thyrotoxicosis and thyroid crisis have evoked little experi- 
mental observation. It is known that the stimulation of the autonomic 
centers by artificial fevers produced with typhoid vaccines results from 
the stimulation of the sympatheticoadrenal system in the normal and 
ragotomized experimental animal.* The clinical and experimental stud- 
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ies carried out by Goetsch and Ritzmann® indicate that the hyperthermia 
is due to the action of epinephrine, whose effect is apparently enhanced 
in hyperthyroidism. 


Jaundice has been noted and recorded on many oceasions as a com- 
plication of thyrotoxicosis and particularly of thyroid crisis. Many 
studies have been carried out to determine whether there is any relation- 


ship between liver damage and the production of thyroid crisis, par- 
ticularly that which has occurred postoperatively. No definite, con- 
sistent relationship has been noted and no prognostic evidence is forth- 
coming to date. Regardless of these facts the occasional patient shows 
profound evidence of liver damage in the course of his disease. In a 
few instances the clinical picture has apparently warranted a diagnosis 
of acute yellow atrophy. The most consistent change in the funetion 
of livers in patients with hyperthyroidism is their inability to store 
glycogen and to convert levulose in large amounts to dextrose. With 
prolonged thyroid feeding experimentally there is a profound decrease 
in liver, muscle, and heart glycogen. At this stage liver glycogen is 
easily mobilizable. 

One might be tempted to ask whether epinephrine has anything to do 
with the liver damage seen in thyrotoxicosis; Perazzo’s'” work suggests 
that it has. He found well-advanced fatty degeneration of the liver 
with moderate doses of the drug. 

The pathologie findings in the liver of patients dying with clinical 
and pathologic evidence of hyperthyroidism have been reported by 
many authors. There is some lack of universal agreement in the uniform 
location of the histopathologie changes. All are in agreement that the 
changes are neither pathognomonic nor of clear prognostie import. 
Weller" deseribes a patchy parenchymatous interlobular hepatitis. 
Beaver and Pemberton’? distinguish three predominant types of lesions 
in exophthalmie goiter: (1) Acute degenerative lesions (fatty meta- 
morphosis, focal and central necrosis, and changes secondary to stasis 
of blood); (2) simple atrophy; and (3) subacute toxie atrophy and 
toxie cirrhosis. The lesions described in the third classification appear 
among older patients, in whom the disease is of longer duration and of 
more than the average severity. Lord and Andrus'’ have more recently 
outlined the liver findings in their series of patients with thyrotoxicosis. 
They likewise describe three characteristic changes common to all pa- 
tients: (1) Large droplets of fat diffusely distributed in the parenchy- 
mal cells; (2) central necrosis of the hepatie cords with marked in- 
filtration of the necrotie areas by polymorphonuclears and erythrocytes, 
and (3) connective tissue proliferation in the portal areas with an in- 
filtration of lymphocytes. MelIver and Winter'* have studied the 
deleterious effects of anoxia on the livers of experimental animals made 
hyperthyroid by the injection of crystalline thyroxin. Their animals 
were then subjected to periods of reduced oxygen concentration. The 
histopathologic picture of these animals shows extensive necrosis of the 
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liver cells about the central areas with some inflammatory cell infiltra- 
tion in the portal areas. The earliest changes consisted of fatty meta- 
morphosis and engorgement of the blood vessels in the central areas. 

The liver changes just deseribed can be produced by anoxia of an 
anoxie type in experimental animals in apparent hyperthyroid states; 
the correlation may be more than fortuitous. At present it would seem 
to us that the hepatic changes appearing in patients with hyperthyroid- 
ism and in thyroid crisis may well be explained on a basis of chronic 
anoxia in an organ already showing an increased oxygen consumption 
and glycogen depletion. There is at this time no substantial proof that 
the thyroid hormone in either exophthalmie or adenomatous goiter con- 
tains a direct cytotoxic element. 

On the assumption that the opinions and facts as stated here are cor- 
rect, an attempt has been made to correlate these with the findings on 
patients upon whom a diagnosis of thyroid crisis has been made. <A 
small series of consecutive patients, seen over a period extending between 
the years 1934 to 1943 on the medical and surgical services of the Uni- 
versity of Michigan Hospital, has been reviewed. Well over one-half 
of these patients died in ‘‘thyroid crisis.’” The greater portion of them 
were between the ages of 40 to 70 vears. A toxie adenomatous goiter 
was seen in a ratio of 2:1 over the Graves’ constitution thyroid. Close 
inspection of the records of these patients and the clinical findings 
present during the stage of crisis along with the available necropsy 
findings in those patients who died revealed that in every instance 
one or more factors were present to which the immediate cause 
of the profound symptoms and of death could be well attributed. <A 
list of these factors ineludes diabetes mellitus with coma, pulmonary 
edema and congestion, atelectasis, hepatitis and cirrhosis, wound infee- 
tion, oversedation, cardiac failure, pneumonia, septicemia, and over- 
digitalization. Bayley’? and Ransom and Bayley'® have made an 
analytic study of the pre- and postoperative fatalities due to thyroid 
crisis. Both authors emphasize certain factors in the prevention of 
erisis with the hope of avoiding them in the future. 

The precipitating factors in preoperative crisis as summarized by 
them are as follows: 


1. Delay in admitting toxic patients to the hospital 

2. Surgical proceedings not directed at control of hyperthy- 
roidism 

3. Infections of a wide variety 

4. Various minor diagnoses and therapeutie procedures 

5. Inadequate sedation 


We are in agreement with these conclusions. Infections, minor 
diagnostie and therapeutic procedures, and injudicious surgical pro- 
cedures not directed at the control of an existing hyperthyroidism may 
undoubtedly enhance the oxygen needs of critical tissues as well as 
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precipitate a profound stimulation of the sympatheticoadrenal system. 
The role which these factors play in hyperthyroidism has been discussed. 
Bayley” in his study was greatly impressed by that group of patients in 
whom insomnia appeared to play a critical role in the production of 
crisis. His statement that ‘‘the value of sleep could not have been ap- 
preciated sufficiently in some of these older cases’’ is well taken. How- 
ever, we are not in complete accord with his suggested choice of medica- 
tion in the control of insomnia. 


10 Jee Oxygen Tent 


RESPIRATION 


*P, Pantopon, gr. 14. 
M, Morphine sulfate, gr. 4. 


Fig. 1.—Oversedation in the postoperative period after thyroidectomy. 

The most striking and outstanding cases in our series were those in 
which oversedation of the patient plaved a predominant part in the 
production of the signs and symptoms. In two patients a proved drug 
sensitivity was present. In each of the patients there was a prompt, 
rising crescendo of all of the symptoms of crisis as large, frequent 
doses of sedatives and hypnotics were given. With increasing symptoms 
the frequency of drug administration, and often the amount, was stepped 
up, followed by a further increase in symptoms—a vicious cycle. Prompt 
improvement seemed apparent with diminution or cessation of these 
drugs (Fig. 1). 
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This course appears logical since there is still present in the minds 
of many physicians the adage that hypnotics, particularly those of the 
morphine group, should be given ‘‘at frequent intervals and by the 
clock’’ in postoperative thyrotoxicosis. It is obvious that with the 
marked depression of respirations occurring as a result of large, fre- 
quent administrations of drugs of this series that anoxia may become an 
important, often critical, factor in the progress of the patient’s disease. 
For this reason we have limited the use of such medications in patients 
of this group to that necessary to control pain, only, in the postoperative 
period. 

In those patients in whom oversedation did not appear to play a 
dominant part, other causes of diminished oxygen intake were ap- 
parent. These were pulmonary congestion and acute pulmonary edema, 
atelectasis, pneumonia, cardiae failure, and overdigitalization. 

Three patients in this series showed evidence of hepatic damage on 
post-mortem examination. No patient developed clinical jaundice 
during the course of his disease. In two patients a ‘‘patehy interlobu- 
lar hepatitis’? was present and in the third an early atrophic cirrhosis 
existed. In none of these patients was there clinical evidence of hepatic 
disease nor did the liver changes appear to contribute to the cause of 
death. 

The one patient admitted in coma with diabetes mellitus died within 
a few hours after admission to the hospital. Her blood sugar level just 
before death measured 540 me. per cent. 

Obviously the patients with severe wound infection and with septi- 
cemia were erroneously classified as thyroid crisis. 


SUMMARY 


In a discussion of the outstanding, climactic aspects of thyroid crisis, 
we have outlined the chemicophysiologie aspects of the major symptoms 
and signs as interpreted on a basis of our present-day knowledge of 
hyperthyroidism. As vet an ultimate explanation of the exact method 
by which the circulating thyroid hormone brings about these changes 
deseribed is not forthcoming. 

It is our belief that there are all gradations of response to inereased 
amounts of cireulating thyroid hormone and that thyroid crisis is an 
extreme response, differing only quantitatively from reactions of lesser 
degree and initiated or augmented and often brought to a fatal outeome 
by intercurrent complicating factors. 

A small series of cases were reviewed from this standpoint. We feel 
that this group, although small, confirms our contention that the pro- 
found symptom complex designated as thyroid crisis supervenes only in 
those patients in whom there is a break in the chemical and physiologic 
compensatory processes of the individual. The factors involved in this 
breakdown are listed as they oceurred in the patients of our series. 
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We are also impressed that often the physician, unless conversant with 
the physiologic responses of an individual to hyperthyroidism, may in- 
judiciously employ therapeutic measures definitely detrimental to the 
patient. 
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GOITER IN CHILDREN 


JOHN DEJ. PEMBERTON, M.D., AND B. MARDEN Biack, M.D. 
ROCHESTER, MINN. 
(From the Division of Surgery, The Mayo Clinic) 


OITER in children differs sufficiently from goiter in adults to war- 

rant some special study, particularly since goiter in children is un- 
usual and experience in its management is limited. From reports in the 
literature” * * it would seem that there is disagreement as to whether the 
treatment of hyperthyroidism of children should be medical or surgical. 
Surgeons do not agree as to the amount of thyroid tissue that should be 
left behind at the time of thyroidectomy and the frequency with which 
carcinoma is encountered in nodular goiters of children is not fully ap- 


preciated., 


With these and other differences in mind, a review of the cases of 
goiter in which the patients were children 14 vears of age or less, en- 
countered at the Mayo Clinie from 1908 through 1943, was undertaken 
and the results form the basis for this report. With the exception of 
adenomatous goiter with hyperthyroidism, which has not been en- 
countered in children at the clinic, all of the major diseases of the 
thyroid gland which affect adults have been seen in children. Because 
of the number of cases involved, the report will be largely concerned 
with exophthalmice goiter, adenomatous goiter without hyperthyroidism, 
and carcinoma of the thyroid gland. The series includes 189 cases of 
exophthalmic goiter, 70 cases of adenomatous goiter, 18 cases of ear- 
cinoma of the thyroid gland, and 3 cases of thyroiditis.* 


EXOPHTIALMIC GOITER 


Although exophthalmie goiter is the disease of the thyroid gland that 
is of commonest occurrence among children, patients 14 vears of age 
or less with exophthalmic goiter constitute a small proportion of all pa- 
tients suffering from this disease. Thus, at the clinic, from 1908 to 
1943, inclusive, exophthalmic goiter was encountered in only 189 chil- 
dren. Furthermore, although the disease may have its onset even 
in infaney, it is distinctly rare before the age of 9 or 10 years and more 
than 80 per cent of children with exophthalmic goiter seen at the 
clinic were between 10 and 14 vears of age. In children, as in adults, 
more females than males have the disease. The ratio of females to 


males in the group was 5.9:1. 

The clinical picture of exophthalmic goiter in children is essentially 
the same as that seen in adults, with the exception that late results of 
the untreated disease are seen far less frequently than in adults. For 


*Prior to 1917, the ages of patients with goiter who were not operated on were 
not indexed. Because of this, children with nodular goiters seen at the clinic from 
1908 to 1917, who were not operated on, could not be included in the study. 
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the most part, the patients were seen at the clinic after the symptoms 
had persisted for less than one year, but the duration of symptoms 
in many cases was much longer. Helmholz' reported that nervousness 
was the most frequent complaint, followed by goiter, tachycardia, and 
exophthalmos in this order. Tachycardia was present in all cases, goiter 
in all but 2, nervousness in all but 2, and exophthalmos in 25 of the 
30 cases in his series. He concluded that in children nervousness 
associated with goiter was very suggestive of the diagnosis of exoph- 
thalmie goiter. The findings in relation to symptoms in Dinsmore’s® 
series of 57 cases were similar to those reported by Helmholz. Nev- 
ousness or goiter was the first symptom noted by the patient or his 
parents in 70 per cent of Dinsmore’s cases and tachycardia was found 
in all. Less reliance can be placed on the basal metabolic rates of 
children than of adults; first, because of apprehension on the part of 
the children and, second, because the standards for children would 
seem to be less dependable than those for adults. Of considerable aid 
in the diagnosis of exophthalmie goiter in children, as in adults, is the 
characteristic response to administration of iodine. 

Evaluation of the intensity of the disease in children is less exact 
than in adults and, as a rule, children suffering from exophthalmic 
goiter have a more severe disease than would be expected clinically. 
Experience has amply demonstrated that reactions to surgical measures, 
both at the time of operation and postoperatively, are likely to be sur- 
prisingly marked and, because of this, there is general agreement that 
thyroidectomy should be carried out in stages more frequently in chil- 
dren than in adults. However, judging from the more recent cases 
in the present series, it would seem that, with adequate preoperative 
preparation with iodine, the thyroidectomy usually can be done in one 
stage. Thus, the thyroidectomy was done at one sitting in 16 of the 
last 18 patients in whom treatment has been carried out at the clinic, 
and in two stages, approximately three months apart, in the remain- 
ing 2. Children should be given iodine in preparation for thyroidec- 
tomy for a materially longer period than is necessary for adults. Gen- 
erally, although adults may be adequately prepared for operation by 
receiving iodine for approximately ten days, children will require a 
period of at least three weeks on iodine before operation. 

Choice and Details of Treatment.—Although we believe that exoph- 
thalmie goiter in children is essentially the same disease as exoph- 
thalmie goiter in adults and that treatment in children, as in adults, 
should be subtotal thyroidectomy, it would seem that medical manage- 
ment by means of iodine and rest may be rarely employed, particularly 
in children with a mild form of the disease. Of 171 children with 
exophthalmie goiter seen at the clinic from 1908 to 1940, inclusive, 
Kennedy® was able to secure reports on the late results of treatment 
of 163, and of these 171, 25 had not been operated on at the clinic 
for various reasons. Seven of the 25 patients were subsequently 
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operated on elsewhere and 4 patients had died, not necessarily of hyper- 
thyroidism. Of the 14 remaining patients, Kennedy considered the 
results of medical treatment to be good in 10, fair in 3, and poor in 1. 
Since the time of Kennedy’s report, 18 children with exophthalmiec 
goiter have been seen at the clinic and in every case thyroidectomy has 
been performed. 

In spite of the obvious technical difficulties of thyroidectomy in very 
young children, and in spite of the increased tendency of children to 
react severely following surgical operation, the hospital mortality rate 
in the present series compares favorably with that following opera- 
tions on adults. In all, 164 children with exophthalmic goiter were 
operated on at the Mayo Clinie from 1908 to 1943, inclusive, with 8 
deaths, giving an over-all mortality rate of 4.9 per cent. Among 55 
children operated on prior to 1922, there were 5 deaths in the hospital, 
which would suggest that, prior to the days of iodine preparation of 
patients for surgical operation, the risk to children was far greater than 
that to adults. However, with adequate preoperative preparation with 
iodine, the hospital mortality rate after thyroidectomy in children 
compares favorably with that of adults. Since 1921, then, 109 children 
have been operated on at the clinic for exophthalmie goiter with 3 
deaths, or a hospital mortality rate of 2.8 per cent. 

There is disagreement in published reports as to the amount of thy- 
roid tissue that should be saved in carrying out subtotal thyroidectomy 
in children. Cattell,’ Dinsmore,’ Abbott,* and others®*° expressed 
the belief that proportionately more thyroid tissue should be preserved 
in children than in adults and they emphasized the frequency and 
seriousness of myxedema following thyroidectomy in children. Welti," 
and Nixon,'* who quoted Means, conversely stressed the frequency of 
persistent hyperthyroidism and the high recurrence rate following thy- 
roidectomy in children; they favored thyroidectomy at least as radical 
as that carried out in adults. In our opinion, the same relative amount. 
of thyroid tissue should be preserved in children as in adults; and, in 
the present series, the thyroidectomies in children were for the most part 
neither more nor less radical than those done in adult patients. Follow- 
ing such thyroidectomies both recurrence and myxedema are not un- 
common, but we do not believe the results of thyroidectomy would be 
bettered if greater or smaller remnants of thyroid were preserved. 

Late Results—It is evident, from the diversity of opinion as to the 
amount of thyroid tissue that should be preserved at operation for 
exophthalmie goiter in children, that the results in relation to myxedema 
and recurrence are not entirely satisfactory. However, in general, the 
late results in children are good and the great majority of children 
with exophthalmic goiter remain well following thyroidectomy. Ken- 
nedy® recently has reported the results following thyroidectomy in chil- 
dren with exophthalmic goiter, 14 vears of age or less, seen at the clinic 
from 1908 to 1940, inclusive. Of the 130 patients who recovered from 
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operation and concerning whom reports were received, there were 4 late 
deaths from hyperthyroidism ; in 12 cases recurrences had developed, for 
which 17 operations had been performed, and in 19 eases low basal 
metabolic rates or frank myxedema had developed. Eighteen other 
children with exophthalmic goiter have been operated on at the clinie 
since Kennedy’s report, and in 1 patient of this group recurrent exoph- 
thalmie goiter has developed but so far has been successfully controlled 
with iodine; in 6 patients frank myxedema has developed. Follow-up 
in this group of 18 patients has not been continued for longer than four 
years. 

The results following operations performed since the introduetion of 
medication with iodine have been materially better than those of the 
time before iodine was used. In the group of 46 patients operated on 
prior to 1922, and concerning whom follow-up data are available, there 
were 6 recurrences, 3 late deaths from hyperthyroidism and 2 with 
myxedema or low basal metabolic rates. Of the 102 patients subjected 
to operation since 1921, and concerning whom follow-up data are avail- 
able, 7 have had recurrences, 1 has died of hyperthyroidism, and 23 have 
developed myxedema or low basal metabolic rates. Four of the patients 
who had recurrences were operated on between 1922 and 1924, the fifth 
patient was treated in 1926, the sixth in 1930, and the last in 1939. 
The recurrence in this case was well controlled by means of iodine in 
19483. We do not regard the development of a low basal metabolic rate 
or of myxedema following operation as serious as the necessity for a 
second operation because of recurrent exophthalmic goiter. We believe 
that because of the frequency of myxedema in children following opera- 
tions on the thyroid gland, and because of the seriousness of unrecog- 
nized myxedema in children, they should be examined very carefully 
two or three months after thyroidectomy, and at subsequent intervals, 
so that myxedema can be adequately treated with desiccated thyroid 
before the child has suffered in any way. 


ADENOMATOUS GOITER 


Adenomatous goiter in children is more unusual than exophthalmie 
goiter in the same age group. From 1917 through 1943 only 52 cases 
of adenomatous goiter in which the patients were 14 vears of age or less 
were seen at the clinic, and in none of these cases was the basal metabolic 
rate significantly elevated. As both Helmholz* and Kennedy'* have 
pointed out previously, adenomatous goiter with hyperthyroidism has 
not been encountered in children at the clific so that, in our experience, 
hyperthyroidism in children is svnonymous with exophthalmie goiter. 
The adenomas varied in size and number, and the same pathologie varia- 
tion as in adults was found in the appearance of the adenomatous tissue. 
The patients with adenomatous goiter ranged from newborn infants to 
children 14 years of age with the greatest number of patients falling in 
the older age groups. Nodular enlargement of the thyroid, presumably 
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adenomatous goiter, has been observed at the elinie in two newborn in- 
fants. As with other varieties of goiter, females were affected more fre- 
quently than males, the ratio in this group of patients being 2.7:1. 
Thirty-eight patients were treated by administration of iodine, of desiec- 
cated thyroid, or both, given either together or in alternate courses. 
Kennedy'* concluded from his study of the same series of cases that the 
results of treatment were variable in that in some patients the goiter be- 
came smaller while in others the size remained unchanged. Enlarge- 
ment of an adenoma during treatment was not observed. In those cases 
in which definite adenomatous enlargement persisted it was felt that 
subsequent surgical removal probably would become necessary. 

Surgical treatment, either enucleation of the adenoma, lobectomy, or 
subtotal thyroidectomy was carried out in 14 patients. There were no 
deaths in the series. In 2 patients the basal metabolic rate postopera- 
tively was so low that desiccated thyroid was administered, although 
sufficient time was not allowed to elapse in either case for the possible 
development of the clinical signs of myxedema. 

Apart from the obvious indications for surgical treatment which have 
to do with the size of the goiter and its mechanical effects on surround- 
ing structures, the possibility of malignancy is often the most important 
indication for exploration of a nodular goiter in an infant or child. 
From 1908 through 1943, of the patients 14 vears of age or less, 53 with 
nodular goiter were operated on at the clinic.* Of these, 32 were found 
to have adenomas, in 3 the nodularity was due to thyroiditis, and the 
remaining patients, 18 in all, had carcinomas of the thyroid gland. 
Stated differently, 1 of 3 nodular goiters in patients in this age group 
that have been explored surgically have proved to be carcinomas. — It 
should be pointed out that in many of these cases a correct preoperative 
diagnosis was made, but in many other cases, as in adults, the presence 
or absence of malignancy was determined with certainty only at the 
time of operation. 

CARCINOMA 


Eighteen patients 14 vears of age or less, with carcinoma of the thy- 
roid gland, were seen at the Mayo Clinic from 1908 through 1943. Ken- 
nedy'* reported that only 6 cases of carcinoma of the thyroid gland had 
been reported in the American literature during the twenty years prior 
to 1935 and he estimated that approximately 1 per cent of carcinomas of 
the thyroid gland occurred in children. One of us (Pemberton"™) 
found that of a series of 774 proved cases of carcinoma of the thyroid 
gland, 17 of the patients were less than 20 vears of age, and 4 patients 
were less than 10 vears of age. In each of the 18 cases in the present 
series the diagnosis was confirmed histologically from study either of 
the resected specimen or of tissue removed for biopsy. In 2 cases, the 
specimen for biopsy was removed elsewhere but the tissue was examined 
here at the time that the patient was examined e¢linically. Carcinoma 


*See footnote page 756. 
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of the thyroid gland occurs about twice as often in females as in males, 
while in this series in children 15 patients were females and 3 were 
males. The age at which symptoms were first noted varied from 12 
years to that of a newborn infant. The interval between the onset of 
symptoms and treatment varied from 4 months to 10 vears, and in 12 
of the 18 cases two vears or more had elapsed between the appearance 
of the first symptoms and treatment. 

Enlargement of the thyroid gland or of cervical lymph nodes was in 
every case the first sign of carcinoma of the thyroid. In 5 cases the 
enlarged cervical nodes were far more obvious than enlargement of the 
thyroid, which in some cases was so little evident that it was not noted 
in the clinical record. When a mass was present in the thyroid gland 
it usually was described as hard and irregular, and involved only a por- 
tion of the thyroid. In more advanced cases, as in adults, fixation to 
surrounding structures had occurred and symptoms of hoarseness and 
dyspnea were occasionally present. In only 1 case were extensive sys- 
temic effects present when the patient was first seen. Progressive en- 
largement of the tumor in the thyroid was noted in several cases but 
sudden enlargement of a pre-existing mass in the thyroid was noted 
rarely. 

The tissue diagnosis was papillary adenocarcinoma, grade 1 in 12 
cases; adenocarcinoma, grade 2 in 2 cases; adenocarcinoma, grade 4+ in 
1 case; papillary adenocarcinoma, grade 2 in 1 case; and adenoear- 
cinoma, grade 1 in 2 cases. The malignant tissue was noted to be in a 
fetal adenoma in 1 case of papillary adenocarcinoma and in 1 case of 
adenocarcinoma, grade 1. Metastasis had developed at the time when 
the patient was first seen in 11 cases and cervical lymph nodes were in- 
volved in all of these cases. In addition, 2 patients had pulmonary 
metastatic growths at the first visit and in 2 other patients, later, pul- 
monary metastasis developed. The patient with the adenocarcinoma, 
grade 4 had metastatic involvement of the calvarium and spinal column 
when first seen at the clinic. 

In 10 cases the lesion was considered operable in that it was possible 
to resect the involved tissue, but in the remaining 8, the disease was 
judged inoperable and biopsy only was done. In 2 of these cases the 
biopsy was carried out elsewhere. In 16 patients irradiation therapy 
was carried out here and in 1 case such therapy was carried out else- 
where, while the remaining patient died soon after surgical operation 
and before further treatment could be instituted. The results of treat- 
ment depended largely on the extent of the malignancy, but as with 
carcinomas of low grade of malignancy affecting the thyroid gland in 
adults, the time of survival after even palliative operations, combined 
with adequate irradiation therapy, was often surprisingly long. 


THYROIDITIS 


There were 3 cases of thyroiditis in the series and in each case the 
question of possible malignancy was raised clinically. One patient, a 
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boy 12 years of age, had a diffusely enlarged but somewhat nodular 
thyroid, His basal metabolic rate was —19 per cent but there were no 
signs of myxedema. He was treated with iodine and desiccated thyroid. 
In this case the diagnosis was not proved. The other 2 patients were 
treated surgically. The thyroid of a boy of 13 years was firm, nodular, 
and slightly tender. The basal metabolic rate was —6 per cent. Sub- 
total thyroidectomy was carried out and, following the operation, the 
basal metabolic rate was —14 per cent. There were no signs of myxe- 
dema. The last patient, a girl of 13 vears, had a firm, nodular thyroid 
with a basal metabolic rate of —13 per cent. Subtotal thyroidectomy 
was carried out. 


ADOLESCENT GOLTER 


It is difficult to make any statement concerning the incidence of 
adolescent goiter in children, because different observers do not agree 
as to what constitutes an abnormal enlargement of the thyroid gland. 
It would seem that diffuse, symmetrical enlargement of the thyroid 
gland is rarely seen at the clinic in children 14 years of age or less and 
that the condition is very unusual prior to the onset of puberty. In 
most patients seen at the clinic, when a frank goiter was encountered 
in this age group, the condition was treated with iodine, desiccated 
thyroid, or both. In some, after such treatment had been instituted, 
the diffuse enlargement of the thyroid gland was reduced so that 
adenomas became palpable. Such cases have been considered under the 
heading of adenomatous goiters. In the very early vears covered by the 
study, several patients with large, adolescent goiters were operated on, 
but such patients have not been encountered at the clinic for many 
vears. 


SUMMARY 


From 1908 through 1943, 189 children 14 years of age or less with 
exophthalmic goiter were seen at the Mayo Clinic. In most cases 
thyroidectomy was carried out at the clinic, but 14 patients were treated 
medically with results that were considered good in 10, fair, in 3, and 
poor in 1. Thyroidectomy was performed in 164 patients, 8 dying while 
in the hospital. Fifty-five patients were operated on during the period 
before medication with iodine was instituted, with 5 deaths. One hun- 
dred nine children have been operated on after having been prepared 
for operation with iodine, with 3 deaths, for a hospital mortality rate 
of 2.8 per cent. Since the use of iodine began, the late results after 
thyroidectomy have been satisfactory. In the group of 102 patients who 
survived operation done since the use of iodine was instituted, and on 
whom follow-up data are available, 1 patient died from the results of 
hyperthyroidism, 7 patients have had recurrent exophthalmic goiter, 
and 23 patients developed low basal metabolic rates or myxedema. 

Fifty-two children 14 vears of age or less with adenomatous goiter 
were seen at the elinie from 1917 through 1948. In no ease was the 
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basal metabolic rate elevated and adenomatous goiter with hyper- 
thyroidism has never been encountered in children at the clinic. Four- 
teen patients were operated on and the remainder were treated 
medically. The adenomas seemed to differ in no way from those found 
in the goiters of adults. 

From 1908 through 1943, 53 children with nodular goiters were 
operated on here. In 32 eases the nodularity was caused by adenomas, 
in 3 cases by thyroiditis, and in 18 cases by malignancy. In 5 cases 
of car¢inoma, enlarged cervical lymph nodes overshadowed the enlarge- 
ment of the thyroid but, in the other 13 cases, the nodularity was largely 
confined to the thyroid gland. Thus, 1 in 3 nodular goiters in children, 
for which operation has been performed at the clinic, have been malig- 
nant. 

In 17 of the 18 children with carcinoma of the thyroid gland, the 
tissue diagnosis was adenocarcinoma of malignancy either grade 1 or 
gerade 2. Thirteen of the adenocarcinomas were of the papillary type, 
and 2 were noted to have developed in fetal adenomas. In 1 case the 
adenocarcinoma was of malignaney grade 4. The lesion was judged 
operable in 10 cases, inoperable in 8. In every case in which metastasis 
had developed, 11 in all, the cervieal lymph nodes were involved; in 4 
cases pulmonary metastasis developed and in 1 case metastatic tissue 
was found in the calvarium and spinal column. Whether the lesion was 
resected or not, irradiation therapy was carried out except in 1 ease, 
in which death occurred following biopsy. 
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GOITER IN THE SOUTHERN STATES 


Howarp MAnHorNER, M.D., New OrLEANS, La. 


oe is not common in the southern states. Although south- 
ern surgeons have contributed in a meager proportion to the 
literature on goiter, in recent years more and more papers have ap- 
peared from this section showing at last a growing realization that 
though most of the South is not an endemic goiter region, its peoples 
have goiter not infrequently and in some sections in surprisingly high 
incidence. In the coastal states of the South, goiters in Negroes 
offer unique problems not observed in like prominence in series 
from endemic goiter regions of the nation. The distribution of 
goiter in the South is irregular. In general the incidence is low, but 
in sporadic sections not truly goiter belts, more goiter is found than 
is average for the South. Goiter is probably encountered most com- 
monly in the mountainous regions, particularly in the more thickly 
settled parts of the Appalachian range. Brenizer and MeKnight! re- 
ported 7,500 goiter operations performed by them in Charlotte, N. C., 
over a period of twenty-eight years. S. L. Ledbetter? of Birming- 
ham, and Earle Drennen,* of Birmingham, each have performed over 
1,000 operations for goiter. Serugest reported that in 123 hospitals 
affiliated with the Duke Foundation, or 85 per cent of the hospitals of 
North Carolina, there were 893 thyroid operations performed in 1938. 
Hayne’ found goiters in 3.8 per cent of 17,600 people examined through- 
out South Carolina. Davison and Poer® reported 542 cases of goiter 
from the records of the Henry Grady Hospital and from their own 
practice in Atlanta covering a period of ten years. They stated that 
during 1935 there were only 350 operations for goiter in the entire state 
of Georgia. In 1939, Mahorner and Barrow’ reported 248 patients 
with goiter among 52,863 patients admitted in one year to Charity 
Hospital in New Orleans (1 to 213). Only 105 patients of this group 
were operated upon for goiter. Lehman and Shearburn* found 401 
surgical goiter patients among 87,661 admitted to the University of 
Virginia Hospital over a period of twelve years. Less than 0.1 per 
cent of men from the southern states examined for the draft in World 
War I showed goiter,? whereas, in the same draft examinations from 
15 to 3 per cent of the men from the Northwest and Great Lakes 
Regions were found to have goiter. All of these reports from different 
sections of the South attest to the relative infrequeney of goiter and 
to the few surgeons with large experience in this field. In spite of the 
fact that goiters are not as common as they are in endemic goiter 
regions, thyroid diseases of all variety and all degrees of severity are 
encountered in the South. 


Received for publication, July 10, 1944. 


764 


§ 

= 

¢ 

ae 


MAHORNER: GOITER IN SOUTHERN STATES 765 


Goiters occur more frequently in the southern part of Louisiana than 
in the central and northern areas of the state. Olesen'® in his report 
on the distribution of endemic goiter in the United States revealed 
some astounding figures. In parishes (the counties of other states) in 
the southern part of Louisiana the incidence of goiter in children was 
stated to be from 35 to 55 per cent in boys and from 38 to 70 per cent 
in girls. This estimate is far from correct. Even though it is well 
appreciated that more goiter is found in the flat southeastern part of 
Louisiana, it is obvious to those of us who see patients from the par- 
ishes around New Orleans, that goiters are not as common as Olesen’s 
figures indieate. 

I computed" the number of goiter patients admitted in 1938 to three 
charity hospitals in Louisiana, at Lafayette, Shreveport, and New 
Orleans. They were divided according to the parish from which they 
came. The number of patients admitted from southern parishes was 
greater than the number admitted from other sections; and this not 
only was true of total number of patients admitted, it was also true 
expressed as the incidence of goiter per 10,000 inhabitants of each par- 
ish. Thus from Orleans parish there were 1.9 per 10,000, from 
Lafourche, Terrebonne and St. Bernard parishes adjacent to Orleans 
there were 2.15, 3.0, and 5.5, respectively, per 10,000 inhabitants. In 
northern parishes the incidence was 0.5 to 1.5 per 10,000. This is ad- 
mittedly a very gross and inexact method of estimating the distribu- 
tion of goiter, mainly because it is incomplete, does not include all 
hospitals, and does include only indigent pagients of the state in one 
vear. However, these findings corroborate the impression long since 
held by the profession of this community that goiter is not uneommon 
among peoples inhabiting the banks of certain bayous. These rivers, 
often very deep, were originally estuaries of the Mississippi River. The 
surrounding lands are flat and low and frequently marshy and were 
formed by alluvial deposits of the Mississippi River. The diet of the 
people inhabiting this area consists presumably of mueh sea foods, 
and the iodine content of their vegetables is relatively high. The people 
themselves along these bayvous recognize that nodular goiters are common. 
The explanation as to why the people in this low flat area should have 
more goiters than those in the rest of Louisiana is not available. <All 
the soil of this area was brought down the river possibly from the 
upper Mississippi and the Ohio Rivers, which drain goiter belts. A 
positive goiterogenic factor thus may have been transported, but an- 
other engaging thought is the possibility of a negative factor being 
responsible for the goiters. The water supply for many of these fam- 
ilies is rain water from cisterns. 

Many reports from the South show a high mortality for thyroid sur- 
gery. This in general is true and has usually been explained by less 
experience with the management of the disease. However, there is 
danger of being overapologetic for the higher mortality, for a few 
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southern surgeons record mortality rates for thyroidectomy which are 
unsurpassed in excellence.  Drennen'? in Birmingham reported 300 
thyroidectomies with 1 death. In his entire series of over 1,100 opera- 
tions for goiter, he has had but 5 deaths, a mortality of less than one- 
half of 1 per cent. Ledbetter? in the same city, since 1929, has per- 
formed over 1,400 operations with no deaths. Seruges*t of Charlotte, 
N. C., reported 256 operations for goiter with 1 death. While these 
three series are not large, they attest to excellent surgical judgment 


and technique. 


Fig. 1.—A Negro woman, aged 58 years, with severe exophthalmic goiter before, 
and one year after, operation. The operation was done in stages under unfavorable 
hospital facilities with good  ‘igaia Goiters of this type in the Negro race deserve 
management with extra cauti 

Many southern authors have called attention to the higher mortality 
in Negro patients. Goiters occur as frequently or more frequently in 
the Negro race than in the white raece.’' Lehman and Shearburn re- 
ported 401 thyroidectomies in a twelve-year period at the University 
of Virginia Hospital. The mortality was almost entirely in the Negro 
race. The mortality figures for white patients was 0.84 per cent and 
for Negroes 9.4 per cent. They could not explain the higher mortality 
in Negroes after an analysis of data, and they believe that the disease 
in the Negro may be surgically a separate problem. Bigger!’ also ad- 
mitted a higher mortality in the Negro and thinks it due in part to 
malnutrition and vitamin deficiency in that race. Maes, Boyee and 
MeFetrich (1936)'* reported the total mortality for thyroid operations 
as 5.7 per cent in the Charity Hospital series. The deaths (medical) 
from goiter in patients not operated upon for the same period ex- 
ceeded the postoperative deaths. In Negro men with toxie goiter the 
mortality for thyroidectomy was 25 per cent. Maes believes that thy- 
roid disease is a severer and graver condition in the Negro man than 
the same disease in white individuals. In a later publication Boyee' 
reported 817 surgical thyroid eases from the same institution (Charity 
Hospital) and again ealled attention to the high mortality in the Negro. 
The total mortality was 5.3 per cent. The mortality following thy- 
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roidectomy for toxie goiter was higher in the Negro race (12.58 per 
cent) than in the white race (6.93 per cent). He says the reason for 
this disproportion existing baffles explanation. Herrmann! reported 40 
Negroes among 729 patients with goiter admitted to the surgical sery- 
ice of the Lakeside Hospital, Cleveland. He could find no difference 
in the severity of the disease or in the response to treatment between 
Negro and native white people. While it is true that various series 
show a higher mortality for thyroid surgery in the Negro, a higher 
mortality for hyperthyroidism in the Negro without surgery has not 
been reported. Should this be true it would be a significant finding, 
particularly in such series as those from Charity Hospital where the 
medical deaths exceeded those following surgery. 


Fig. 2.—A Negro woman, aged 388 years, before and after operation for a huge 
toxic nodular goiter (weight approximately 600 Gm.). The substernal portion was 
also very large. On admission she had cardiac decompensation. She came from lower 
Mississippi where goiter is not common. This is an example of the extent to which 
sporadic goiter may develop in a nonendemic area. She became perfectly well follow- 
ing thyroidectomy. 


I have had a higher mortality for thyroidectomy in Negroes, how- 
ever, my impressions of the causes for this are not in accord with some 
of the previously expressed reasons. As far as I can observe the dis- 
ease is similar in course and average severity in the Negro. The re- 
sponse to preoperative preparation is less prompt and less decided in 
the Negro, but that in my experience is due to less favorable physical 
surroundings such as noise, crowding, too many visitors, and ward hos- 
pitalization in very hot, poorly ventilated space equipped only with basic 
essentials. Facilities entirely devoid of luxuries may be of no sig- 
nificance in the favorable outcome for most patients, but for the 
severely sick patient a luxury may become an essential and be a de- 
ciding factor in recovery. 

During 1942, 1948, and 1944 (through October) on my services at 
Touro Infirmary, the Baptist Hospital, and the Kye, Ear, Nose, and 
Throat Hospital, I performed 110 operations for goiter on 101 patients. 
Seven of the patients had multiple stage operations (two patients had 
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three operations). This is a very small group of patients, but in this 
section of the country it may not be considered small and is representa- 
tive of goiters as they are encountered here. Indeed, practically all 
variety of goiters were encountered. 

Sixty-one patients represented the white race whereas forty were 
Negroes. There were only 7 men to 94 women, a ratio of 1 to 13. 

Fifty-five of the patients had toxie goiters and forty-six nontoxic 
nodular goiters. The pathologist reported Hashimoto’s disease in two 
instances. Four patients had substernal goiters. One patient with a 
toxie goiter was a child (girl) aged 13 years. 

Of the patients who had multiple stage operations, five were white 
and two were Negroes. Two patients died following operation. 
Both were colored women with toxie diffuse (exophthalmic) goiters. 
Both deaths oceurred postoperatively within two days, presumably of 
thyroid crises. These two deaths were both preventable and could 
have been avoided by stage operations. Other patients in this group 
were more severely toxie and were graver risks, vet they were carried 
successfully through their operations. Each of the two Negro patients 
who died had far less favorable physical surroundings for their illness, 
vet I must admit that the judgment as to the time and extent of opera- 
tion was exerted just as if they were surrounded with the excessive 
luxuries afforded by many of the other patients in this group. The 
deficiencies in the facilities of the Negro patients should be countered 
with more cautiousness, which means more prolonged and more careful 
preparation and more frequent stage operations, not fewer than in 
white patients. 

In my experience it has not been possible to produce conditions for 
Negro patients entirely favorable to surgery for toxie goiter. The eco- 
nomie part is largely the answer, for even though they may be very 
sick, a bed in a ward together with patients with various other condi- 
tions, entailing the commotion and excitement of visitors and many 
people in the room at one time, is frequently the best condition avail- 
able for the important period of preoperative preparation and_ post- 
operative care. Even if the economy factor could be obviated there 
are others which often prevent optimum conditions and facilities being 
arranged for some of these very sick patients. Moreover, in the Negro 
there is an additional chanee on the part of the surgeon for misjude- 
ment of the proper time and extent of operation in toxie goiter. Ordi- 
narily the Negro tolerates surgery well. His constitution and endur- 
anee are usually good. This should not confuse one but it probably 
has confused many. Moreover, no matter how sincerely the surgeon 
wishes to ignore them for better evidence upon which to base the sound- 
est judgement, economic conditions in this day of erowded hospitals, 
even if the patient is provided for by eleemosynary funds, sometimes 
influence judgment to hasten the operation date. Other factors result- 
ing from the relative infrequency of the condition in the South, such as 
technical errors, contribute to the higher mortalities, but it appears 
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that the main lesson to be learned from these repeated reports of higher 
mortality in the Negro is a lesson in judgment, namely, the necessity 
of being more wary, more cautious, when dealing with goiter in that 
‘ace than when dealing with a condition of similar severity in a white 
patient. It is already well established that elderly individuals and 
children do not tolerate operation as well as those in middle decades. 
Goiter in the Negro should be added to these groups to emphasize the 
increased cautiousness which might be absolutely essential to obtaining 
a satisfactorily low mortality. This is not, as it might seem, a contra- 
diction; the risk for the Negro race is still equivalent to the risk for 
the white race, but extra precautions must be taken to offset the phys- 
ical handicaps in their hospitalization and other elements in judgment 
as to the proper time and the proper extent of operation. 


SUMMARY 


It occurs most fre- 
quently in the mountainous areas. A few southern surgeons, however, 


Coiter is not common in the southern states. 


report mortality rates for thyroid surgery which are unsurpassed in 
excellence. 


The mortality for thyroid surgery in the Negro is in general higher 
than that for white patients. Poorer facilities for hospitalization and 
impetuous judgment may be the dominating factor in this higher mor- 
tality rate. A group of seventy patients from my private services is 
reported. 
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THYROIDITIS 


NATHAN A. Womack, M.D., St. Louts, Mo. 


(From the Department of Surgery, Washington University School of Medicine 
and the Barnes Hospital) 


HYROIDITIS, when defined as the reaction of the thyroid gland to 

injury, is commonplace. Degenerative changes with subsequent 
fibrosis are demonstrable in most nodular goiters and probably play 
an important part in the formation of the nodularity. The thyroid 
is a labile organ and responds functionally in the maintenance ot 
oxygen consumption at a certain level. Frequently in physiologic and 
pathologie states of stress, such an increase in function is required in 
the maintenance of homeostasis. With this increase in function there is 
often a demonstrable morphologic alteration in individual cells and 
even groups of acini.’ As a result of the interplay of several factors 
residual damage may be seen as evidenced by change in acinous size 
and shape, extravasation of colloid into the surrounding stroma, vas- 
cular damage, fibrosis, and even calcification. These changes are char- 
acteristically seen in nodular goiters and, in the broad sense, represent 
inflammation. In this consideration of the subject of inflammation of 
the thyroid gland, however, thyroiditis will be discussed in which the 
inflammatory process per se is apparently the cause of symptoms. 
These are usually encountered clinically under three main types: (1) 
acute suppurative thyroiditis; (2) acute nonsuppurative thyroiditis ; 
(3) chronie degenerative thyroiditis. 


ACUTE SUPPURATIVE THYROIDITIS 


Acute suppurations are of bacterial origin, and strangely enough, are 
extremely uncommon, when compared to the frequency of metastatic 
abscesses in many other organs of the body. The thyroid gland seems 
to possess a definite resistance to local infection. In unpublished 
work, Cole and I? found that when pure cultures of streptococci and 
staphylococci were injected directly into the superior thyroid artery 
of dogs, abseess formation rarely followed. This was the experience 
of Roger and Garnier’ in a more elaborate series of experiments. And 
yet these infections are obviously embolic when they do occur, either 
being associated with a generalized septicemia or following shortly 
after an acute infection in the pharynx or upper respiratory tract. 
The most common organisms encountered are the staphylococcus and 
streptococcus groups, although almost any type may be present. We 
have encountered the colon bacillus on two occasions and the typhoid 
bacillus once. 


Received for publication, July 10, 1944. 
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The onset of the disease is often abrupt, being associated with chills 
oceasionally, but always fever and local evidence of inflammation. 
ain is the outstanding symptom. Because of the close relationship 
with the ribbon muscles of the neck, and the resulting spasm of these 
structures, the patient prefers to keep the neck in flexion, often in a 
sitting posture. Swallowing is painful and even hoarseness may be 
encountered. While the abscesses at first may be multiple, they are 
generally limited to one lobe or the isthmus. As a result, along with 
the diffuse swelling present in the neck, there may be present eccentric 
swelling. Where the isthmus of the thyroid is involved the depression 
above the sternal notch is often filled. The thyroid gland ean usually 
be palpated but the outlines are masked by edema, and examination 
is difficult because of tenderness. 

The systemice reaction to the infection is usually marked, perhaps 
due to the organ involved as well as its relation to the respiratory 
tract. Rupture into the trachea may occur but this is rare. If un- 
treated, extension into the deep spaces of the neck is the most common 
sequela, and this is of grave consequence, 

Since the advent of chemotherapy, acute suppuration of the thyroid 
gland is becoming less frequent. However, when an abscess does 
occur, surgical drainage is indicated along with suitable chemothera- 
peutic measures. Adequate oxygen intake is of the greatest impor- 
tance and the use of the oxygen tent is advisable. The surgical in- 
cision must give adequate drainage, and this will entail a good exposure 
of the part. At the same time, care must be taken not to break 
through the inflammatory barriers of the neck more than is necessary, 
and in particular, pathways to the mediastinum must be protected. 

Cases are on record in which so much thyroid tissue was destroyed 
by the infection that myxedema resulted. This, however, is extremely 
rare, and a good result should be obtained although this, to a large 
extent, will depend on the severity of the generalized infection, of 
which the suppuration in the thyroid is a part. 


ACUTE NONSUPPURATIVE THYROIDITIS 


Nonsuppurative acute thyroiditis is seen more frequently than the 
suppurative type, and yet very little is known about it. It is recog- 
nized by its clinical manifestations, but surgical interference is seldom 
indicated, and adequate bacteriologic and morphologic observations are, 
therefore, not available. In view of the fact that about one-half of the 
patients will give a history of recent upper respiratory tract infection 
and that occasionally the process goes on to suppuration, it is probable 
that the instigating factor in the inflammation is bacterial. 

The symptomatology resembles the suppurative type in character, 
but not in extent. The onset is not so abrupt and the general manifes- 
tations are mild. Fever is slight or absent. The thyroid is enlarged 
and tender, but swelling and tenderness throughout the soft tissues 
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of the neck are not pronounced. There is discomfort on swallowing or 
movement of the neck, but often the patient is able to continue his 
ordinary duties. 

Except for those rare cases that terminate in suppuration the lesion 
is, for the most part, self-limited and subsides in from ten days to two 
weeks. Chemotherapeutic methods will be of more value in this type 
of thyroiditis. 

When thyroiditis occurs in a nodular organ the term strumitis has 
been applied. It is doubtful whether such a separate classification is 
hemorrhage. Spontaneous hemorrhage 


of use, except in one instance 
is most unusual in a normal gland. It is not uncommon in a nodular 
gland, and at times the nodule may be so small as not to have been 
previously recognized by the patient. Hemorrhage into the stroma of 
the thyroid gland sets up an inflammatory response, chiefly monocytic 
in type. This inflammation is generally limited to the environs of the 
nodule involved, and presents itself chiefly as tenderness. There is 
often a history of straining or shouting, followed some hours later by 
the continuous enlargement of one lobe or a nodule in one lobe for 
several days. The lesion is much more common in young adults. It 
requires no immediate treatment. After resolution of the hemorrhage 
the thyroid should be treated as any other nodular gland. 


CHRONIC DEGENERATIVE THYROIDITIS 


Chronie degenerative lesions are heterogeneous. They include a con- 
siderable number of variants of fairly definite pathologic patterns, the 
nature of which is not too clear-cut. From the pathologie standpoint, 
four striking lesions are seen: namely, a remarkable lymphoeytie over- 
growth in the thyroid; fibroplasia; the presence of giant cells with a 
surrounding inflammatory zone, faintly suggestive of tubercle forma- 
tion; and a distinctive type of acinous change in which the nuclei and 
eytoplasms enlarge and then slowly degenerate. Efforts have been 
made to correlate these pathologic changes with the clinieal picture of 
the patient, but for the most part these svndromes are not too clear-cut. 

One of the earliest reports of this type of thyroiditis is that of 
Semple in 1869.4 Although his patient died of what was stated to be 
pulmonary tuberculosis, the microscopic appearance of the thyroid was 
described as ‘‘being made up principally of dense fibrous tissue. The 
fibers are those of ordinary connective tissue. They pass in all directions 
through the gland and in many parts completely obliterate its ordinary 
loculated structure. In other parts where the change is less advanced 
the loculi and their contained cells are still visible.’’ There was also 


intimate attachment between the thyroid and the surrounding  strue- 
tures of the neck with obstructive symptoms. 

A similar but more extensive lesion was deseribed in 1885 by Bowlby.® 
This patient presented a gradually increasing enlargement of the thy- 
roid gland with tracheal obstruction requiring tracheotomy three vears 
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after onset. All of the adjacent structures in the neck and upper 
mediastinum were involved by a diffuse fibrosis and although micro- 
scopic examination revealed adult fibrous tissue, because of the man- 
ner of its growth the lesion was thought to be one of fibrosarcoma. 
There were no metastases, however, and the picture is not unlike that 
seen in advanced cases of fibrosing thyroiditis. 

Neither of these reports received a great deal of attention, perhaps 
due to the fact that interest in the thyroid gland at that time was not 
very great. As surgery of the thyroid became more common, it was 
easier for Riedel, first in 1896° and later in 1897° and 1910,° to foeus 
attention on the subject. Although one of the patients in his first 
report had a thyroid in which the presence of round cells was the pre- 
dominant microscopie finding, and the ‘‘eisenharte’’ firmness of the 
gland on clinical examination often was not in keeping with its micro- 
scopic appearance, he was much more impressed by the fibrosis of the 
gland and its tendency to involve contiguous structures as it developed. 
He was also impressed by the inflammatory nature of the condition and 
its usual benignant course. 

Inflammation in which the thyroid tissue was to a large extent re- 
placed by lymphoid tissue was described in 1912 by Hashimoto.’ In 
reporting four cases, he called attention to the frequency of this find- 
ing in older women, the involvement of the entire gland, the lack of 
involvement of contiguous structure, the absence of obstructive symp- 
toms, the tendency toward postoperative. hoarseness, and a long con- 
valescence. Microscopically, the lymphoid tissue was so abundant 
that he chose the name ‘‘struma lymphomatosa’’ for the lesion, and 
considered it different from that deseribed by Riedel both c¢linically 
and pathologically. 

In 1922, Ewing"’’ referred to his experience with four cases of thy- 
roiditis and was of the opinion that the pathologic changes described 
by both Riedel and Hashimoto could be found simultaneously. He 
suggested that the fibrosis so apparent in the Riedel type of lesion 
could be the end result of the picture described by Hashimoto. 

This was the opinion also of Williamson and Pearse,'' who termed 
the lesion ‘‘lymphoadenoid goiter’? and looked upon the accumulation 
of lymphoid tissue as related to what they termed the ‘‘lymphogenic”’ 
function of the thyroid. The fibrosis they considered a creeping re- 
placement of injured reticuloendothelium. 

In 1931, Graham and MeCullagh"” reported upon observations of 
their own concerning struma lymphomatosa and reviewed the cases 
presented by Hashimoto. This represented perhaps the most critical 
study of the subject to that date, and their insistence that the two 
types of thyroiditis described by Riedel and Hashimoto were separate 
clinical and pathological entities was well supported. This has been 
the opinion of many who have published reports on the subject since, 
and while there are those who would disagree,'' '* '* the two lesions 
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are generally considered at the present time as representing different 
pathologic pictures, and presenting different clinical svndromes.'® '°?* 
A critical opinion, however, on the evidence in support of two distinet 
pathologie entities is certainly equivoeal. 

When these lesions are considered as separate entities, the dominant 
characteristic of Riedel’s disease is fibrosis. In about one-third of the 
reported cases, this has been limited to one lobe or a part of one lobe. 
Extraglandular fibrosis, however, is present in later stages as has been 
seen in earlier reported cases. The involved gland is hard and white 
and usually not appreciably enlarged, although when the surrounding 
muscles and large vessels are involved, the outlines of the gland are 
not too distinet. 

In the earlier stages, this fibrous tissue may be very cellular and 
there is a considerable infiltration of cells of the lymphocytic series 
often with follicle formation. Supposedly, one of the most character- 
istic features is the thyroid parenchyma. It is often enmeshed in the 
fibrosing process, but the thyroid acini are said to be normal. This 
has not been our experience. Careful study of the thyroid acini has 
shown definite evidence of cellular injury in most instances and this 
injury has resulted in hyperplasia, metaplasia, and what apparently 
is the retention of secretory products in the cytoplasm resembling the 
so-called Hiirthle cell. Cell death is the end result. This may be 
gradual, the acinus becoming smaller and smaller, or many cells may 
degenerate at onee leaving unabsorbed colloid in the stroma. At 
such time, giant cell reaction is present, and the giant cell often takes 
on bizarre appearances because of the resemblance of the colloid to 
its eytoplasms. It is quite possible that the rapidity of this process 
may determine the degree of the inflammatory reaction. 

The most conspicuous clinical features are related to the fibrosis. 
If this is mild, a slightly enlarged, very hard gland may be the present- 
ing symptom. As fibrosis progresses, and more thyroid tissue is de- 
stroyed, evidence of hypofunction of the gland may be present. Often 
in the very early stages, however, a slight hyperfunction may exist for 
a short while. Invasion of adjacent structures by the fibroblasts 
brings on symptoms of obstruction. Compression of the jugular veins 
with resulting edema, and pressure on the esophagus causing dysphagia 
are usually earlier than severe tracheal obstruction. When the lesion is 
limited to one lobe, respiratory difficulty may appear, due to tracheal 
displacement. Recurrent laryngeal nerve involvement is extremely rare. 

The most difficult lesion to exclude is cancer, and while often one may 
make the presumptive diagnosis of Riedel’s struma, certainty is usually 
not established until operation, and even then microscopic examination 
of the tissue may be necessary. The massive fibrosing type is extremely 
rare, apparently may occur in the relatively young although this has 
not been our experience, and males are frequently affected. 

The treatment is entirely related to relief or prevention of obstruc- 
tion. When only one lobe or a part of a lobe is involved, resection of 
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this lobe and the isthmus is generally feasible. Where the entire gland 
and contiguous structures are involved, subtotal resection is usually 
fraught with considerable danger and removal of the isthmus in order 
to free the trachea may be all that can safely be accomplished. There 
have been several favorable reports from the use of x-ray therapy but 
this has been with the more cellular type of lesion. 

The classical picture of struma lymphomatosa as it is generally con- 
sidered presents several differences. The entire gland is usually in- 
volved when the patient first presents herself, although not necessarily 
so. The gland is lobulated, very thick, and the surface smooth. The 
only extraglandular attachments encountered are tracheal, and these 
never extensive. This gross picture is easily explained when the gland 
is studied microscopically. The yellow trabeculated, meaty appear- 
ance of the cut surface is due to lymphoid overgrowth. Lymphoid 
follicles are prominent, but the lymphocytes themselves as well as the 
structure of the follicle differ in type in no way from those encoun- 
tered less extensively in exophthalmie goiter, status thymolymphatiecus, 
or even Riedel’s struma. The chief difference appears to be a quanti- 
tative one. In the earlier stages the gland is friable, but later it is 
more resilient as fibrosis increases. One of the impressive microscopic 
lesions is in the thyroid parenchyma. The Hiirthle cell type of degen- 
eration deseribed in Riedel’s struma is much more marked and almost 
universal. Giant cell reaction about the colloid is also more pronounced. 
Fibrosis is present in varying amounts and it is perhaps the relation- 
ship between the relative amounts of lymphoid follicle tissue and fibrosis 
that has led to most of the confusion in classifying various types of 
thyroiditis. 

The elinieal picture associated with the type of lesion found in struma 
lymphomatosa has been for the most part vague and associated with the 
mild compressive svmptoms that one would anticipate. Neither hyper- 
thyroidism nor hypothyroidism are, as a rule, outstanding in most early 
‘ases. After thyroidectomy, hypothyroidism is frequently observed. It 
is stated that these patients are practically always 50 vears old or more. 
It is also generally stated that the lesion does not occur in men. One 
may readily question the statistical accuracy of such statements as being 
based on entirely too small a number of elinical observations. 

Surgical extirpation of most of the gland has been the treatment of 
choice. Most operations have been performed with a mistaken diagnosis, 
and one may well doubt the value of surgical extirpation where obstrue- 
tion is not important. Often hypothyroidism is the end result and this 
certainly is not prevented by surgery. Following thyroidectomy hoarse- 
ness may be present for many months. Where a diagnosis could be 
established, radiation has been reported to be of value.** It would seem 
that here, as in Riedel’s struma, the chief damage produced by this 
lesion is that of obstruction, and here the indication for surgical extir- 
pation must lie. 
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As has been stated there exists a considerable controversy as to the 
relationship between Riedel’s struma and Hashimoto’s type of struma 
Ivmphomatosa. In isolated, well-defined types, there seems to be a 
definite difference in the clinical picture. Clinical syndromes, however, 
owe their existence to underlying pathologie disturbance, and the an- 
swer to the question will be much easier to obtain by an analysis of the 
pathologie picture, rather than a study of statistical reports. It seems 
apparent from a consideration of the microscopic appearance of these 
two lesions that they present a quantitative, rather than a qualitative, 
difference, and the symptoms that ensue are related to the predominance 
of a particular type of inflammatory reaction. In Riedel’s goiter, it is 
fibrosis; in Hashimoto’s type it is lymphoid overgrowth. Often both 
have been noted in almost equal amounts, and this has led to discussions 
as to classification that have not been too illuminating. 

It has been assumed by some that the fibrosis is an end stage of the 
Ivmphadenoid type, but evidence to support this. very logical assump- 
tion is not too apparent. Observations have been recorded on cases in 
which microscopic studies have been made at intervals of two yvears'® 
and thirteen vears®’ with no great amount of change in the microscopic 
picture. It is therefore much more likely that they represent parallel 
manifestations of the same underlying injury, 

Infections of various types have been thought at times to play a part 
in the production of these changes. Cultures of the glands whenever 
done have, for the most part, been sterile, and such changes were not 
encountered when bacteria were injected directly in the superior thyroid 
arteries of dogs and rabbits by Cole and me.? This does not mean, how- 
ever, that infection may not play an indirect role. Upper respiratory 
tract infections have been frequently noted in the cases reported, and 
while this association may be fortuitous, it still must be borne in mind. 
It has been suggested recently?® that Riedel’s thyroiditis may be the 
result of a perithyroiditis with vascular occlusion. That it may be the 
result of iodine effect'* has been considered, and MeCarrison®* has repro- 
duced a lesion in rats showing a definite microscopic resemblance to 
struma lymphomatosa, by certain dietary deficiencies. MeKnight?* has 
suggested that the inflammation is secondary to an obscure biochemical 
irritant probably produced by the patient. None of these etiological 
concepts, however, fits the complete clinical picture. 

As has been stated, the interstitial lymphoid nodules with their germi- 
nal centers differ in no way except in amount from those seen in other 
thyroid lesions and in particularly exophthalmie goiter. <All of these 
lesions seem to represent functional aberration on the part of the entire 
gland or some of its cells, and wherever lymphoid hyperplasia is seen in 
the thyroid there usually is evidence of an unusual absorption of secre- 
tory products or of cellular degeneration and breakdown. It is not a 
constant finding with all functional atrophy, however, as it is not com- 
monly seen following anterior lobe hypophysectomy in the experimental 
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animal or in Simmonds’ disease. Again, as may be noted in Fig. 1, 
neither lymphoid hyperplasia nor fibrosis is seen in atrophy where the 
human gland has been exposed to large amounts of radiation. The loose 
acellular collagen here surrounds minute acini, and probably represents 
the result of the action of the irradiation on the vascular apparatus. 
However, there are times in which an inflammatory reaction to colloid 
is most marked, and whether the colloid undergoes a chemical change 
as has been suggested by Mallory,?’ the reaction seems to be related 
definitely to its fatty acid content as has been demonstrated by Fer- 
eguson.*” He showed that in disintegrating follicles as a result of the 
hydrolysis of the lipids in the colloid and epithelium an extensive inflam- 
matory reaction may oceur with giant celi formation, lymphoid hyper- 
plasia, and fibroplasia. Goetsch, however,*! believes the giant cells are 


Fig. 1.—Effect of extensive x-ray therapy on thyroid showing changes secondary to 
avascularity. Note loose collagen fibrils and absence of dense fibrosis as well as 
lymphoid reaction. 
composed of a syneytium of degenerating thyroid cells and are not 
phagocytie, and he interprets them as evidence of the degenerative 
process that takes place in Riedel’s disease associated with the inflam- 
matory reaction. Fig. 2 illustrates this type of parenchymatous 
change as seen associated with marked reaction to the colloid and the 
degenerating thyroid parenchyma. 

Thus, degeneration of the thyroid cells and the colloid can be demon- 
strated as a fairly constant finding in chronie¢ thyroiditis. The cause 
of this degeneration is not so easily found. Since this finding is so 
universally associated with function, endocrine interrelationships must 
necessarily be studied. Apparently the anterior lobe of the hypophy- 
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sis, the islets of Langerhans, the parathyroids, and the adrenal medulla 
play no part. The sex hormones have been inadequately studied to 
warrant any definite conclusions. The effect of the adrenal cortex is 
much more suggestive. Lymphoid hyperplasia in adrenal cortical in- 
sufficiency is an old observation, being most dramatically seen in the 
thymie enlargement that occurs in status thymolymphaticus. Pituitary 
adrenotrophie¢ effect on lymphoid tissue mass has been recently demon- 
strated®* as has the action of adrenal cortical hormone in experimental 
leucemia suggested hormone effect on the lymphoid systems.*’ Similar 
changes in the thyroid as we have noted in both the Riedel and the 
Hashimoto types of gland have been noted by many observers as being 
associated with adrenal cortical hypoplasia.°?*° The adrenal lesion is 
more commonly that of a cytotoxic type of atrophy rather than that 


> 


Fig. 2.—Inflammatory reaction to colloid. There apparently has been rapid 
epithelial degeneration. There are foam cells as well as giant cells around the col- 
loid suggesting a reaction to lipids. 
seen in tuberculous destruction. Figs. 3 and 4 illustrate the resem- 
blance between the thyroid seen in such adrenal insufficiency and 
Riedel’s struma, while Figs. 5 and 6 compare the Hashimoto type of 
thyroiditis with another area from the thyroid of the same patient with 
cortical insufficiency. When studied in great detail but little difference 
is noted. However, while it is not unusual to find sueh changes in the 
thyroid in this type of adrenal cortical insufficiency, these changes have 
also been noted in the thyroid in which the adrenal cortex was appar- 
ently normal. Jaffé has reported four such instances.*’ In each of his 
cases extensive lymphoeytie infiltration was noted, and in two of them 
extensive fibrosis was present. In three of these cases the thyroid lesions 
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Fig. 3.—Area from Riedel’s struma illustrating fibrosis and round-cell infiltration. 


Fig. 4.—Area from thyroid gland of patient dying from cytotoxic type of adrenal 
cortical insufficiency showing similar changes to those encountered in Riedel’s 
struma. 
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Fig. 6.—Lymphoid overgrowth and parenchymatous atrophy in thyroid of same patient 
as shown in Fig. 4. Compare with Hashimoto type of lesion seen in Fig. 5. 


wig” 
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he Fig. 5.—Massive lymphoid overgrowth as seen in Hashimoto type of thyroid. 
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were incidental autopsy findings, with no symptoms referable to the 
thyroid, while the fourth showed evidence of myxedema. The changes 
noted in the adrenal were, for the most part, slight and consisted chiefly 
in alteration in lipid dispersion. He thus felt that the lymphocytic 
infiltration and fibrosis so often seen in the thyroid in atrophy of the 
adrenal cortex ‘* 
is a separate, although coordinate, process.’ Furthermore, Searcello 


is not secondary to the destruction of the cortex but 


and Goodale?’ have described the autopsy findings in a patient with 
struma lymphomatosa in which no gross lesion was noted in the adrenal 
glands. Detailed microscopic observations were not given in their proto- 
col. The failure to note extensive morphologic changes in the adrenal, 
however, does not exclude functional alterations. 

In summary, therefore, some aspects of Riedel’s thyroiditis and Hashi- 
moto’s struma lymphomatosa must still remain controversial. Several 
features, however, are becoming definite. They both represent inflam- 
matory processes, and are nonbacterial in origin. While clinically they 
may present divergent pictures as a result of the type of inflammatory 
change noted in the thyroid gland, pathologically this change is of the 
same basie type, and the diversions are quantitative rather than quali- 
tative. The lymphoid overgrowth and the fibrosis are associated with a 
reaction to a peculiar type of parenchymatous degeneration which may 
be responsible for the inflammation, but may not be responsible entirely 
for the massive lymphocytic reaction. The cause of the degeneration of 
the thyroid cells needs to be investigated more fully. It is of great inter- 
est to note that identical changes in the thyroid are often seen in adrenal 
cortical insufficiency, even though at times they may also be present 
without demonstrable morphologie lesions in the adrenal cortex. Further 
studies of the endocrine relationships must be made, and in particular 
is there a dearth of information regarding the action of the sterid hor- 
mones of the sex glands. 
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MALIGNANT GOITER 


Rosertson Warp, M.D., SAN FRANCISCO, CALir. 
(From the Department of Surgery, University of California Medical School) 


—._ is relatively rare in the field of thyroid surgery. 
Ilowever, it is important to know which types of goiter are likely 
to become malignant and which signs should arouse suspicion of malig- 
nant change. Cancer is almost unknown in exophthalmie goiter; in- 
deed, so few cases have been reported that the diagnosis of exophthalmie 
goiter virtually eliminates the likelihood of its presence. In our series 
of 5,439 thyroidectomies there were 168 cases of cancer. Only one of 
these occurred in the exophthalmie type. It has been pointed out’ '® 
that although diffuse toxic goiter rarely gives rise to carcinoma, the 
microscopie picture in certain regenerative hyperplastic goiters is diffi- 
cult to distinguish from that of malignant thyroid growths. 


RELATION OF NODULAR GOITER TO CARCINOMA 


With diffuse toxie goiter eliminated from consideration, it will be 
seen that the problem of cancer of the thyroid gland revolves about 
nodular goiter. The logic of this is apparent on contemplating the 
following facts. It has long been recognized and taught that a large 
proportion of malignant goiters have their origin in malignant degen- 
eration of primarily benign and often long-standing tumors of the 
thyroid gland. Moreover, cancers of the thyroid, like those elsewhere, 
arise from a single focus, and in their local growth are seen as tumors 
or nodules rather than as diffuse infiltrations of the gland. Primary 
carcinoma arising in a previously normal thyroid gland, however, is 
probably not so rare as statistics would lead us to believe. Computed 
figures on this point are far from accurate for two reasons. First, 
many patients are unaware of the presence of fairly large goiters, and 
become conscious of them only when malignant change increases the 
rate of growth. Second, many primarily malignant goiters grow slowly 
or remain dormant for long periods of time. However, the mere fact 
that a tumor has existed for many years previous to its surgical re- 
moval does not necessarily indicate that the growth was benign at its 
inception. A recent review of the records of patients treated for 
goiter at the University of California Hospital during the past five 
years showed sixty-eight in which the history of pre-existing goiter 
seemed trustworthy. Of these sixty-eight, there were thirty-two in 
whom the history suggested very strongly that the tumor had been 
malignant from the onset. A number of patients were unaware that 
goiter had pre-existed the neoplasm, and in some the growth itself 
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was discovered only after the removal of metastatic nodules in distant 
regions had led to examination of the thyroid gland. This illustrates 
that data obtained from questioning patients are notably inaccurate 
and may lead to false premises. In this connection, I reported thirty- 
six malignant goiters in 1930,"° concluding that 94 per cent arose from 
goiters which had existed for varying periods of time before our ex- 
amination, and that only two of the thirty-six were definitely not 
adenomatous in origin. In the light of recent experience, I now be- 
lieve this conclusion to be unjustified. 

The role played by pre-existing goiter as a source of carcinoma may 
have been decidedly overemphasized. However, in making a diag- 
nosis of malignancy or suspected malignancy, too much stress cannot 
be laid on the significance of the nodular type of goiter. Almost all 
malignant goiters are nodular. 


AGE 


In general, the age groups of patients affected by carcinoma of the 
thyroid are comparable to those of patients affected by carcinoma of 
other organs. Approximately two-thirds of these patients are seen in 
the three decades between 40 and 70 years of age, while less than one- 
fifth are afflicted before the age of 40 years. There is, however, one 
rather remarkable feature which should be constantly borne in mind, 
namely, that malignaney appears in aberrant thyroid tissue at a much 
earlier age. The accompanying graphs show that in a previously re- 
ported series'® the majority of malignancies occurring in laterally 
placed thyroid tissue were seen in patients under the age of 30 years 
(Fig. 1). 

INCIDENCE 


The frequeney with which malignancy of the thyroid gland occurs 
has never been determined, and accuracy in such an estimate is im- 
possible. There is little question, however, that geographical location 
and the incidence of nodular goiter are important factors in its pro- 
duction.’* Wegelin™ concluded that where goiter is endemic, malig- 
nant tumors of the thyroid occur in greater number. Wilson'*’ pointed 
out that while autopsies in Bern, Switzerland, showed 1 death in 93 
from malignant goiter, the figures from the United States revealed 
only 1 death in 928 from this type. The incidence of malignaney in 
surgically treated goiters varies from the high figures of 6.5 to almost 
10 per cent reported by Kocher® and de Quervain’” in Switzerland, to 
less than 1 per cent reported by Eberts and associates’? in Canada. In 
the United States, the frequency is between 1.5 and 2.5 per cent. 
In my latest compilation of statistics, the incidence was 168 malig- 
nancies in 5,439 surgically treated goiters, or 3 per cent. Of these 
5,439 cases in which pathologie specimens were available for exami- 
nation, 1,900 could be eliminated as being of the diffuse type, leaving 
168 malignancies in 3,539 cases, an incidence of 4.8 per cent. 
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SEX 
An interesting feature of sex incidence which has not received suffi- 
cient emphasis in the literature is that, while the actual number of 
men with malignant goiter reported in all series of cases is less than 
that of women, the expectancy of carcinoma in men with nodular 
goiter is much greater. As | pointed out in 1935 and again in 1940, 
although the proportion of surgical goiters in men compared to women 


AGE DISTRIBUTION OF PATIENTS 
WITH MALIGNANT LATERAL 
ABERRANT THYROIOS 


NUMBER OF PATIENTS 


1-10 11-20 21-30 31-40 41-50 51-60 61-70 
AGE BY DECADES 


AGE DISTRIBUTION OF 95 PATIENTS WITH 
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Fig. 1.—Graphs illustrating early age at which cancer of aberrant thyroid tissue is 
seen as contrasted with that of midline origin. 
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TABLE I 


Statistics From UNIveRSITY OF CALIFORNIA HospiraL THROUGH 1943. 


OXIC 41G- MALIGNAN 
SEX DIFFUSE NANT NODULAR GOITERS 
GOITERS GOITERS 
GOITERS GOITERS RATIO PER CENT 

Male and Female 5439 1900 3539 168 1:21 4.8 
Male 698 335 363 41 1:90 11.0 
Female 4741 1565 3176 127 1:25 4.0 
Male: Female 1:6.8 1:4.6 138.7 1:3 


is about 1 to 7, the ratio of malignant goiters is 1 in men to 3 or 4 in 
women. Thus, in this series of patients with nodular goiter, there was 
1 carcinoma to each 17 men, but only 1 to each 44 women. 

In the three years, 1941 to 1943 inclusive, there were 102 surgical 
goiters in men at the University of California Hospital. Seven of 
these proved to be malignant, an incidence of 1 carcinoma to each 15 
patients operated upon. If the diffuse toxie goiters, of which there 
were 52, are eliminated, the almost unbelievable figure is obtained in 
men of 1 malignant out of each 7 nodular goiters coming to surgery, 
or 14 per cent. Table I shows the comparative rate of malignancy in 
men and women in the present series. The point to be kept in mind 
is that in men nodular goiter is many times more likely to be malig- 
nant than it is in women. 


DIAGNOSIS 


A definite preoperative diagnosis of malignant goiter should seldom 
be made. If one waits for the textbook picture, the time for surgical 
cure has passed. All diagnostic signs of malignancy are based upon 
penetration of the capsule of the gland and involvement of surround- 
ing tissues. The hoarseness results from infiltration of the recurrent 
nerves; the fixation is caused by infiltration of the trachea or ribbon 
muscles; and the hardness is dependent upon the outward growth of 
cancerous tissue to replace normal, soft thyroid gland. Of these three 
cardinal signs, all can be found in benign nodular goiter. Although 
rare, paralysis of one or the other laryngeal nerve can be caused by 
pressure from a benign tumor. Davis* found this to be true in 0.4 per 
cent of cases. Fixation comparable to that accompanying infiltration 
of surrounding tissues can result from retrosternal and retrotracheal 


TABLE ITI 


PATHOLOGIC CLASSIFICATION OF MALIGNANT TUMORS OF THYROID GLAND SHOWING 
APPROXIMATE PERCENTAGE OF TUMORS IN EACH GROUP 


PATHOLOGIC CLASSIFICATION PER CENT 
Group I Papillary carcinoma 36 
(low malignancy) 
Group IT A. Malignant adenoma, Langhans 22 
; (moderate malignancy) 3B. Malignant adenoma, fetal 12 
Group IIL All others, including medullary, scirrhous, 
(hopeless) anaplastic carcinoma, sarcoma, and mixed 
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extensions of benign adenomatous nodules. The same hard consist- 
ency as that encountered in malignant goiter will often be found in 
long-standing adenomatous nodules which have undergone calcareous 
degeneration. In this connection, however, it is not safe to assume 
that malignancy is absent because calcification in portions of the thy- 
roid gland has been demonstrated roentgenologically. Carcinomatous 
and caleareous degeneration in the same nodule (Fig. 2) is not infre- 
quent. Carcinoma may be suspected from the history alone in cases 
in which a long-standing or slowly growing tumor begins to inerease 
rapidly in size and produce pressure symptoms. Operative treatment 
should be recommended on presumptive evidence of this kind, and 
should not be deferred until the previously mentioned cardinal symp- 
toms have developed. As will be pointed out in the discussion of prog- 
nosis, no delay is justified in order to assure a more certain diagnosis. 


PATHOLOGIC TYPES 


There have been almost as many classifications of malignant neo- 
plasms as there have been students of the subject. From a clinical 
point of view, the simplest classification which aids the surgeon to ar- 
rive at an accurate prognosis and institution of adequate therapy is 
the best. Most of the confusion in classifying cancer of the thyroid 
gland arises from a lack of uniformly accepted criteria of malignancy. 
Without going into detail regarding the different arrangements in use, 
suffice it to state that these tumors must be grouped according to their 
characteristics of growth as well as their microscopic architecture. 
Any classification is difficult because of the extreme variability pre- 
sented by the lesions and the absence of a definite dividing line be- 
tween benignancy and malignancy as judged by histologic studies. 
Criteria of malignancy based on cytologic changes alone are notori- 
ously unreliable. The invasive qualities of a tumor have come to be 
recognized as the most dependable indication of the presence of malig- 
nancy, as well as of its degree. Without this invasive quality, an 
encapsulated tumor cannot be said to be malignant, ee its 


microscopie pattern. 
A universally accepted classification would be of the greatest advan- 


tage in comparing parallel series of cases reported by different authors. 
Most writers have accepted Graham’s® criterion of malignancy, namely, 


or of surrounding thyroid tissue and muscle. The classification used by } 

Clute and Warren? is valuable. In their arrangement, cases are roughly 
divided into three grades: those of low or potential malignancy, those ‘ 


less malignancy. The grouping used by me” is still simpler; it is-based 
upon the reports of many observers that papillary tumors of the thyroid 
show the best prognosis. For this reason, all papillary tumors are 


invasion of blood vessels. To this has heen added as definite evidence of / 
malignancy, invasion of the capsule of the adenoma, of its lymphatics, 


of moderate but not hopeless malignancy, and those of extreme or hope- . 
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Fig. 2.—Roentgenograms A 


and B mene od calcified areas in carcinoma of thyroid 
gland. 
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placed in a separate classification, irrespective of their origin in 
adenomas, aberrant thyroid tissue, or the gland proper. Since few ear- 
cinomas of the thyroid show a pure cellular pattern, and since the re- 
sponse to radiation therapy as well as the prognosis is peculiarly de- 
pendent upon the presence and amount of papilliferous tissue, this 
classification is based upon the presence and proportionate quantity of 
such tissue in the tumor. Roughly, from a prognostic and therapeutic 
standpoint, it is practical to arrange thyroid tumors in the following 
groups: Group I, papillary carcinomas; Group II, malignant adenomas; 
Group III, all others, including scirrhous, small cell, and large cell 
types, undifferentiated carcinomas, and those which display a sareoma- 
tous tendency (Table IT). 

Group II is based upon gross findings, namely, an adenoma which has 
undergone malignant degeneration. In order to compare this series 
with those of Continental observers, our group has been subdivided 
arbitrarily into: A, Langhans’ struma, those tumors showing the pic- 
ture described by Langhans as proliferating adenoma (wuchernde 
Struma); and B, all other malignancies arising in an adenoma ealled 
‘fetal’? for lack of a more descriptive term. Fig. 3 illustrates varia- 
tions of the papillary design, Fig. 4 typical Langhans pattern, and Fig. 
5 a number of the more anaplastic tumors ineluded in Group HI. In 
the following section it will be seen how this classification is of value 
in reaching a more accurate prognosis. 


PROGNOSIS 


There are three principal factors upon which prognosis is based. 
These are the time of diagnosis, the pathologic pattern, and the presence 
of metastasis. A recent survey of the material available to me has shown, 
as would be expected, that the easier the diagnosis the worse the prog- 
nosis. By dividing patients into three groups, as shown in Table ITI, it 
will be seen that of those bearing a preoperative diagnosis of malig- 
naney or suspected malignancy, only 20 per cent survive for five years 
or longer. Of those in whom the malignancy is discovered first at the 
time of operation, 40 per cent survive five years. Eighty per cent in 
whom malignancy is first demonstrated upon section of the specimen 
removed live for five years, only one in five being likely to suffer reeur- 
rence. This is understandable when it is recalled that diagnosis before 
operation is based on involvement of extrathyroid tissue, diagnosis at 


TABLE IIT 


PROGNOSIS 


AFTER 5 YEARS 
PER CENT PER CENT 


DEAD LIVING 
Group I (carcinoma diagnosed or suspected ) 80 20 
Group II (carcinoma diagnosed at operation) 60 40 


Group III (diagnosed first on pathologic examination) 20 80 
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Fig. 4.—Three representative views of malignant adenoma, Langhans. 
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operation on penetration of the capsule of the adenoma, and diagnosis 
in the laboratory only on minute gross and microscopic examination of 
the excised goiter tissue. 


A. 

Fig. 7.—Roentgenograms (A and B) of chest of -9-year-old boy (Case 42) whose 
chest films show a similar picture now at age 22, and who has developed laryngeal 
paralysis and local recurrence only recently, thirteen years after operation and ir- 
radiation. Microphotograph of tumor from this patient is shown in Fig. 4 B. 


The second eardinal point in prognosis, the pathologic pattern of the 
tumor, is well illustrated in the chart shown in Fig. 6. Although this 
compilation was founded upon eighty-four eases studied to 1938, a simi- 
lar trend has been shown since that time in double the number of cases 
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The presence of a papillary pattern is so significant that, as previously 
indicated,’ the degree of malignancy apparently can be estimated for a 
given tumor by the extent of its departure from this pattern; the greater 
the extent of departure, the more malignant the tumor. The explana- 
tion for this phenomenon is twofold: papillary tumors do not tend to 


B. 
Fig. 7B. (For legend see opposite page.) 


invade blood vessels, and are thus filtered through the cervieal lym- 
phaties; in the series under discussion at least, papillary tumors have 
been more responsive to irradiation than the more cellular, anaplastic 
and undifferentiated growths. 
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The third prognostic point, metastasis, has a value similar to that in 
malignancy of other organs. The eventual outlook is poor in any case 
in which distant metastases have taken place. It should be remembered, 
however, that occasionally metastasis to the lung will lie dormant for 
many years after removal of the primary tumor. One patient in this 
series is in apparent good health thirteen years after the lungs were 
found to be riddled with miliary nodules (Fig. 7). Another has re- 
sponded well to radiation therapy of pulmonary metastases, and is alive 
and well three years after operation. 

Another feature peculiar to metastasis from the thyroid gland is the 
not infrequent occurrence of misnamed benign metastasizing goiter. 


Fig. 8.—Malignant goiter (Case 118), primary lesion of which was discovered only 
after removal of clavicular tumor had shown it to be of thyroid origin. A and B show 
original clavicular tumor: C (X30), entire primary tumor of left lobe of thyroid 
gland; D and EF (120), sections of growth from clavicle; F (120), section of pri- 
mary tumor. 
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The thyroid origin of many metastatic tumors found in bone is recog- 
nized only on pathologic examination of the involved section of bone. 
Like other observers, we have seen a number of these patients who 
had lived in apparent good health for many years after removal of 
an isolated metastatic nodule and later thyroidectomy. In some eases 
the primary lesion is microscopic, and is discovered only by serial see- 
tion of the entire thyroid gland. Fig. 8 illustrates such a ease. 


TREATMENT 


The discussion of treatment is conveniently divided into three parts, 
depending upon the stage in which the disease is seen. These stages are 
prophylactic, definitive, and palliative. Prophylactic treatment consists 
of the removal of nodular goiters so early that there is no preoperative 
suspicion of malignant change. For many years surgeons of experience 
have advocated extirpation of nodular goiters to avoid the danger of 
malignant degeneration. The statistics in this series (1 carcinoma in 9 
men and 1 in 21 women operated on for nodular goiter) amply justify 
such a plan. This, in my opinion, provides abundant support for the 
recommendation of an operative procedure which earries as low a mor- 
tality and morbidity rate as thyroidectomy. The presence of a solitary 
adenoma in the thyroid, the finding of lateral masses which could be 
aberrant thyroid tissue, or the history of onset of rapid growth in a 
previously quiescent nodular goiter makes such a recommendation ur- 
gent. In my experience it has been rare to care for a patient with malig- 
nant goiter who has not been told at some time by a physician that the 
goiter was nontoxie and harmless, and that nothing should be done about 
it until signs of trouble appeared. 

The operation carried out under the heading of prophylaxis varies 
with the experience of the surgeon and his knowledge of gross pathology. 
The enucleation of adenomas has been advocated and practiced by sur- 
geons of experience for years. It is a relatively simple procedure, and 
is highly effective as a prophylactic measure. There have been times, 
however, when the pathologist has returned a report of malignaney, 
previously unsuspected, which caused me to regret that I had not per- 
formed a lobectomy or a subtotal thyroidectomy. In selected instances 
of this kind, the surgeon is justified in an immediate reoperation to re- 
move the involved lobe and suspected soft tissue in the neighborhood. 
There are at least two patients in this series who have remained well for 
over fifteen years after such a procedure. In one, carcinoma was demon- 
strated in the specimen removed at the second operation; in the other, 
none was found. 

Any operation for the removal of adenomatous nodules should include 
a thorough exploration by palpation of the uninvolved lobe, and an ex- 
ploratory incision int6 that lobe if any doubt exists concerning the pres- 
ence of nodules. The operation is incomplete if a single encapsulated 
nodule is allowed to remain. 
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If carcinoma is suspected before operation, radical removal of the 
involved tissue should be planned. A long collar incision should be 
made, slightly higher than customary. It is occasionally advisable to 
extend one end of the incision upward, in hockey stick fashion, to facili- 
tate removal of submandibular extensions. The ribbon muscles should 
always be transected and, if infiltrated by tumor tissue, excised, a pro- 
cedure which does not militate against a good functional or cosmetic 
result. The operation should be extensive enough to remove all involved 
structures and yet preserve at least one recurrent nerve, one parathy- 
roid gland, and both carotid arteries. Crile and Crile® described a satis- 
factory technique for such an operation. If removal necessitates the 
sacrifice of one recurrent nerve this should be done, provided that pre- 
operative examination showed the other to be functioning. The use of 
an intratracheal catheter with an inflatable cuff, regardless of the type 
of anesthesia employed, is of great advantage. This prevents the col- 
lapse of a trachea softened by pressure or infiltration, and aids oxygena- 
tion during the operation. 

When the lateral or inferior veins are found to be thrombosed by 
tumor tissue, ligation and resection of the internal jugulars should be 
attempted. Tumor invading the trachea should be excised flush with 
the tracheal wall either with the scalpel or the electric knife, and the 
base should be lightly coagulated. Special care must be taken to pre- 
vent injury to the esophagus, which may be adherent to the retro- 
tracheal portion of the tumor. 

Mediastinal extension of malignant tissue often proves to be the un- 
surmountable obstacle to complete removal of the tumor. If the growth 
is hard in consistency and of the infiltrating type, little can be done to 
excise the substernal portion even by splitting the sternum. If, on the 
other hand, the mediastinal portion consists of more or less encapsulated 
nodules, there are two methods of manipulation which may accomplish 
removal. The first of these is the operation described by Lahey’? for 
ablation of substernal adenoma. In this procedure, the suprasternal 
portions of the tumor are freed from their bed and from the trachea, 
and are used to pull the mediastinal masses into the neck. The second 
method ean be employed for many of the softer papillary growths and 
for those in which central degeneration of a nodule permits rupture 
of the pseudoeapsule. In such a ease, it may be possible to evacuate the 
mushy contents by curette or suction and collapse the capsule, thus per- 
mitting extracapsular finger dissection from the superior mediastinum. 


After removal of the tumor, it is advisable to lavage with plain sterile 
water instead of saline solution because of the lytic effect of the former 
on possible free cancer cells. Lavage before closure reveals possible 

| sources of bleeding and removes cellular débris, deposit of which is 
almost unavoidable in manipulation of the more friable tumors. 
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RADIATION THERAPY 


Roentgen therapy can be used alone for palliation or combined with 
surgery in an attempt to eradicate the disease. Even in advanced eases, 
a biopsy should be performed before irradiation is carried out. This 
offers the dual advantage of establishing the diagnosis and preventing 
irradiation of a pure papillary tumor, which may break down and ulcer- 
ate because of its extreme radiosensitivity. Since treatment of the pa- 
tient shown in Fig. 9, even large, bulky papillary tumors have been 
surgically removed, followed by adequate postoperative radiation 
therapy in the hope of obtaining a cure. This patient died six weeks 
later of empyema secondary to tearing of the pleural apex at opera- 
tion. Autopsy examination revealed no malignant tissue. 

The principal value of x-ray therapy lies in its administration post- 
operatively, directed to the elimination of cancerous tissue not de- 
tected or not removable at operation. Such tissue is frequently located 
in the mediastinum, and for this reason the mediastinal space should be 
included in the area treated. Three thousand roentgens delivered to the 
tumor bed are considered to be the lower limit of effective dosage. The 
aim is to administer a dose sufficient to kill cancer cells, but not to 
exceed the tolerance of normal tissues in the irradiated zone. The best 
results can be expected to occur in tumors shown to be predominantly 
papillary in design. This has been substantiated in our series, and in 
Portmann’s™ studies 92 per cent of patients with papillary carcinoma 
survived more than five years. Not only are a greater number of ap- 
parent cures obtained by combined surgery and irradiation in the 
papillary group, but when recurrence does take place these tumors are 
more responsive and remain susceptible to radiation therapy for a 
longer period of time. It must be remembered, as Haagensen® pointed 
out, that sensitivity to irradiation should be judged from two aspects: 
the immediate response as shown by regression of the tumor, and the 
duration of that response. In both these respects, papillary tumors are 
the most susceptible to irradiation. 

Other than for the papillary carcinomas, we have found little evidence 
that radiation therapy is of value except in a rather small number of 
malignant adenomas. It is, however, extremely difficult to estimate pre- 
cisely the value of radiation therapy. When it is employed after opera- 
tion, and the patient remains well and without recurrence, it is impos- 
sible to state whether the favorable result is due to the completeness of 
operative removal or to irradiation. Only when a tumor recurs and 
regresses or becomes dormant under a course of radiation therapy ean 
the successful outcome be attributed wholly to this form of treatment. 
In the papillary group, a fair number of such cases has been followed 
for many years, a less number in the group comprised of Langhans’ 
malignant adenoma, and very few in the fetal types of malignant 
adenoma. No ease of anaplastic, large and small cell carcinoma, or ear- 
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Fig. 9.—Patient (Case 41) before and after radiation therapy. Left column (A, 
B, and C) including microphotograph (120), represents condition before roentgen 
therapy. Right column (D, EF, and F’), shows condition shortly after completion of 


treatment; microphotograph (x80). 
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cinosarcoma has shown a favorable response to surgery or to irradiation 
(Fig. 6). It should be emphasized that surgery and irradiation are 
directed toward accomplishment of the same result—eradication of the 
growth. They are not antagonistic, but complementary, to each other. 
The most favorable results are to be anticipated when irradiation fol- 
lows surgery; but occasionally x-ray therapy before operation makes 
surgical removal possible. In such eases, gperation should be followed 
by adequate roentgen therapy. 


TREATMENT OF RECURRENCE AND METASTASIS 


The results of treatment of locally recurrent tumors and metastatic 
deposits are influenced even more strongly by the pathologie pattern of 
the growth than are the results of treatment of primary neoplasms. If 
the metastases are from a well-differentiated tumor, especially if it is 
predominantly papilliferous, their response to irradiation is usually 
good. If, on the other hand, they are of the usual blood-borne variety, 
malignant adenoma Langhans, they have in my experience shown little 
response to radiation therapy. Regardless of the pattern of the parent 
tumor, it is wise to give the patient a trial of irradiation if the meta- 
static lesions are not too widespread and fulminating. 

Local recurrent nodules, especially if the primary growth was a malig- 
nant adenoma, should be removed. Graham’ demonstrated that many 
of these cervical masses are tumor thrombi, often encapsulated in the 
lateral or inferior thyroid veins. Their removal by operation is espe- 
cially indicated because of their lack of response to irradiation, and 
because years may intervene before they metastasize or recur again 
loeally. 

SUMMARY 


1. Almost all malignant goiters are nodular. Carcinoma occurs so 
rarely in diffuse toxie goiter (1 in 168 malignancies in our series), that 
this group can be excluded from consideration. 

2. The incidence of malignant goiter is influenced by the degree of 
endemicity and the frequency of nodular goiter in a given geographical 
loeality. 

3. Age groups of patients with carcinoma of the thyroid are similar 
to those of patients affected by this lesion in other organs, except that 
malignaney appears in aberrant thyroid tissue earlier in life. 

4. The preponderance of malignant goiter is in favor of women; but 
the expectancy for carcinoma in men with nodular goiter is much 
greater—1 in 9 men (11 per cent) coming to surgery. 

5. Of the three cardinal signs of malignant goiter: hoarseness, fixa- 
tion, and hardness, at least the first two denote a far-advanced lesion. 
Any or all of these signs, however, can be produced by benign growths. 
Carcinomatous and calcareous degeneration may occur in the same 
nodule, and delay in removing it alters the prognosis unfavorably. 
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6. Long-standing or slowly growing tumors which suddenly undergo 
rapid growth and produce pressure symptoms are suspicious and should 
be extirpated before the clinical picture of malignaney develops. 

7. We have found it practical from a prognostic and therapeutic 
standpoint to classify malignant thyroid tumors according to their 
characteristics of growth and their microseopie architecture. Table II 
shows our three groups: .papillary carcinomas, malignant adenomas, 
and all others. 

8. Prognosis is based on the time of diagnosis, the pathologic pattern, 
and the presence of metastasis. Deaths are in direct proportion to the 
ease of diagnosis. Papillary carcinoma offers the best prognosis, and 
the degree of malignancy can apparently be estimated by the corre- 
sponding extent of departure from the papillary pattern. The prog- 
nostic evaluation of metastasis is similar to that in carcinoma of other 
organs, with the exception of rare dormant metastatic lesions in patients 
seemingly well years after operation and irradiation. 

9. Prophylaxis consists of the removal of nodular goiters so early that 
there is no preoperative suspicion of malignant change. Our statistics 
of 1 carcinoma in 9 men and 1 in 21 women operated on for nodular 
goiter substantiate the importance of this procedure. Suspected or 
diagnosed carcinoma calls for radical resection, always preserving at 
least one recurrent nerve, one parathyroid gland, and both carotid 
arteries. 

10. Roentgen therapy can be used alone or in combination with sur- 
gery, but should never be administered without the benefit of a biopsy 
report. Results may be expected to be good in the extremely radiosensi- 
tive papillary careinomas, fair in a small number of malignant ade- 
nomas, and unfavorable in all others. The principal value of x-ray 
therapy lies in its administration postoperatively. 

11. Locally recurrent tumors and metastatic deposits are treated de- 
pending on their pathologic pattern. Trial irradiation is justified, re- 
gardless of the pattern of the primary tumor, if the metastatic lesions 
are not too widespread and fulminating. Locally recurrent nodules 
should be surgically removed. 

12. Statistics concerning the different types of goiter treated at the 
University of California Hospital through 1943 are presented, 5,439 
cases being reviewed. Of these, 3,539 goiters were nodular, and 168 
malignant (4.8 per cent). Living after five years were 20 per cent of 
the patients in whom carcinoma was diagnosed or suspected before oper- 
ation, 40 per cent in whom carcinoma was diagnosed at operation, and 80 
per cent in whom it was diagnosed first on pathologie examination. 
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PARATHYROID TETANY 
Cyrit M. MacBrypr, M.D., Sv. Louis, Mo. 


(From the Department of Internal Medicine, Washington University School of 
Medicine, the Barnes Hospital and the Washington University Clinics) 


MPROVEMENT in surgical technique has resulted in a steady dimi- 
nution of the incidence of parathyroid deficiency following operations 
upon the thyroid gland. The parathyroid glands may be inadvertently 
removed, or their blood supply may be interfered with by ligation 
during operation, or by thrombosis or fibrosis occurring later. Tetany 
from fibrosis usually appears several weeks postoperatively. Occa- 
sionally edema in the immediate postoperative period seems to curtail 
temporarily the blood supply of the parathyroids, for postoperative 
tetany may be transient, disappearing as the edema subsides. 

Despite the fact that modern surgery has reduced its incidence in 
large clinies to figures ranging from 1.5 to 0.5 per cent,! it is likely 
that the total number of cases has actually increased because of the 
increasing frequency of operations upon the thyroid and parathyroid 
glands. Preservation of the posterior thyroid capsule and the prin- 
ciple of subtotal thyroidectomy, with a better understanding of the 
usual anatomic location and frequent aberration of the four para- 
thyroid glandules, will permit further reduction in postoperative hy- 
poparathyroidism. When a second or third operation is performed 
the hazards to the parathyroids are, of course, greatly increased. 
When the parathyroid glands are seriously damaged or removed at 
operation, tetany may appear within twenty-four hours. 

Spontaneous hypoparathyroidism is rare. The clinical state known 
as idiopathic tetany results, and is similar in all respects to that pro- 
duced by surgical damage to the glands. Apparently idiopathic tetany 
was not always so uncommon as it is at present, for large numbers of 
cases were reported in central Europe toward the end of the last cen- 
tury, particularly in Vienna. In that city between 1880 and 1895 there 
were 368 cases studied in the General Hospital, the majority of the 
patients being young cobblers or tailors. The fact that the greatest 
frequency of onset occurred in the late winter and in these indoor 
sedentary workers suggests vitamin D deficit as the cause. Infantile 
tetany or spasmophilia is another condition now seen relatively infre- 
quently. It is apt to occur in babies who have been fed cows’ milk 
instead of human milk. Erdheim believed that it must result from 
parathyroid insufficiency, since autopsy frequently revealed hemor- 
rhage into these glands. However, in many cases vitamin D deficiency 
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and poor calcium intake or absorption seem to play the major role. 
Here again the incidence is greatest in late winter. In pregnancy and 
lactation tetany may appear, and may result from a latent hypopara- 
thyroidism which becomes apparent only after there has been a great 
and prolonged drain upon the maternal calcium stores. Osteomalacia 
is apt to be present in these women. Similarly, the bone defeet known 
as rickets frequently is present with infantile tetany. It seems likely 
that in these so-called idiopathic or functional hypoparathyroid states 
the chain of events may be as follows: first there is a prolonged deficit 
of vitamin D or of calcium, or both, and in consequence, the parathy- 
roid glands are called upon to secrete an additional amount of hor- 
mone to sustain the falling blood calcium. The glands may hyper- 
trophy, and the demand may be successfully met. (Hypertrophy and 
hyperplasia of the parathyroids are frequent findings in rickets.) 
If there is an inherent weakness of the glands, or if function eventu- 
ally fails after prolonged excessive demands, tetany results. 


Signs and Symptoms.—When the serum calcium is between 4 and 6 
mg. per cent symptoms are usually manifest. Muscular spasm occurs, 
particularly carpopedal spasm. The facial and abdominal muscles 
may be thrown into violent contractions by the mildest stimuli. Pain- 
ful paroxysms may occur spontaneously. Numbness and tingling of 
face, hands, feet, and legs may be constant. Epileptiform convulsions 
may occur and in some cases papilledema is present, suggesting intra- 
cranial tumor.” 

When the blood calcium is 7 or 8 mg. per cent the condition is usu- 
ally latent. Excitement, exertion, overbreathing, or menstruation may 
provoke an attack. When the tetany is of long duration ectodermal 
changes occur, the most serious of which is the formation of bilateral 
cataracts. The hair becomes lifeless and brittle and thins considerably. 
Nails become ridged, and teeth, especially in growing patients, become 
ridged and grooved horizontally. Gastrointestinal disturbances are 
common with abdominal pain, ‘‘gas,’’ and alternating constipation and 
diarrhea. The least pressure on arm or leg may cause cramping. 
Rapid motion may become impossible without resulting in painful 
muscular spasm. 

Pathologic Physiology.—All true tetany occurs as the result of the 
presence of insufficient amounts of ionized calcium in the blood. Any 
condition which decreases the amount of calcium absorbed or which 
increases the pH of the blood may result in tetany. The total blood 
ealcium may be low, or only the ionized fraction may be subnormal. 
The effect in either case is to decrease the regulating, inhibitory effect 
of ionized calcium upon neuromuscular irritability. Phosphate metab- 
olism is closely associated with calcium metabolism and a rise in the 
blood phosphate is quite regularly accompanied by a fall in the blood 
ealeium, perhaps because there is induced a deposit of calcium and 
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phosphate in chemical combination. The following clinical forms of 


tetany have been recognized: 


1. Parathyroid insufficiency, postoperative and spontaneous. 
The parathyroid hormone increases calcium absorption from bone 
and increases the proportion of ionized calcium in the blood. 
Hormone lack causes tetany. 

2. Calcium starvation: inadequate calcium intake. 

3. Poor ealcium absorption, occurring with low vitamin D in- 
take, with steatorrhea, and in conditions in which inadequate 
amounts of bile reach the intestine, calcium soaps being formed 
and excreted. 

4. Calcium depletion: pregnancy, lactation. 

5. Alkalosis 

(a) from vomiting, with loss of HCl 

(b) from excessive ingestion of alkaline salts such as so- 
dium bicarbonate 

(ec) from overbreathing, with loss of CO, 

6. Excessive phosphate intake, or excessive phosphate reten- 
tion with hyperphosphatemia, for example, the tetany occurring 
with ‘‘renal rickets.”’ 


Diagnosis.—The diagnosis depends upon the recognition of the symp- 
toms and signs, which are usually quite characteristic. Confirmatory 
evidence may be secured through three signs when the tetany is latent 
or only manifest at intervals: Erb’s, Chvostek’s, and Trousseau’s 
signs. Erb’s sign consists in the production of muscular contraction 
with the stimulating electrode over a motor nerve, the response being 
elicited by a much weaker galvanic electrical stimulus than is nor- 
mally necessary. The cathodal opening response is obtained with less 
than 5 ma., while normally over 6 ma. are required. Chvostek’s sign 
consists in a contraction of the innervated muscles in response to 
gentle tapping over the trunk of the facial nerve just anterior to the 
external auditory meatus. Trousseau’s sign depends upon the tem- 
porary deprivation of the blood supply to a nerve trunk, either by 
direct pressure on the nerve, or by application of a pressure cuff to 
an extremity. When the blood pressure cuff is applied above the 
elbow and inflated the typical carpal spasm will occur within one to 
three minutes. All of these signs depend upon increased irritability 
of the nerves. 

When tetany is due to alkalosis, the total serum ealeium level is 
usually normal. The blood calcium may be low in conditions asso- 
ciated with poor calcium or vitamin D intake or absorption. In hypo- 
parathyroidism the serum calcium may be very low, the lowest levels 
of 4 to 6 mg. per cent occurring usually in manifest tetany. With 
levels of 7 or 8 mg. per cent the tetany is apt to be latent. In para- 
thyroid tetany the inorganic phosphate is usually elevated from the 
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normal of 3 or 4 mg. per cent to 6 or 8 or even 10 mg. per cent. Nor- 
mal or low blood phosphate may occur in nutritional hypocalcemia. 
Blood phosphate may rise with severe kidney damage, with consequent 
fall in the serum calcium and production of tetany. 

Treatment.—The proper therapy of tetany will, of course, depend 
upon its etiology. Correction of alkalosis by prevention of overbreath- 
ing, or by ingestion of ammonium chloride or dilute hydrochloric acid 
may be indicated. Restoration of adequate calcium and vitamin D 
intake, and measures to promote their absorption, are necessary when 
the calcium metabolism derangement lies in this sphere. 

We are here primarily concerned with parathyroid tetany. Treat- 
ment of hypoparathyroidism may be considered under two headings: 
the acute attack and chronic tetany. 


1. The Acute Attack: A patient may die in a severe attack, from 
spasm of the glottis, or of the diaphragm, or from repeated epilepti- 
form convulsions. Prompt and vigorous intervention is necessary. The 
most effective measures are (and they should be given in this order) : 


(a) Intravenous calcium.—Caleium chloride is the most effective meas- 
ure because of its high calcium content and its acid, highly ionized 
state. It is, however, highly irritating to tissues, and will cause 
necrosis if leakage occurs outside the vein. From 10 to 20 cc. of a 
5 per cent solution will cause abrupt termination of most attacks. 
Less irritating to tissues is calcium gluconate, which may be given 
intravenously (or deep intramuscularly into the buttock, if intravenous 
injection is not feasible) in doses of 10 or 20 ¢.e. of 10 per cent solution. 
Although the blood calcium is restored to normal promptly, relief will 
be only transient in severe tetany. The serum ealcium will fall 
within one to four hours to its previous level as a rule. The intra- 
venous injection may be repeated once or twice if necessary until the 
effect of the second therapeutic measure becomes evident. 

(b) Parathyroid extract—One to three cubie centimeters of para- 
thyroid hormone (100 U.S.P. units per cubie centimeter) should be 
given intravenously or intramuscularly immediately after the intra- 
venous calcium is administered. The effect upon the serum caleium 
is evident in a few hours, the peak effect usually occurring in from 
eight to eighteen hours, while in from twenty to twenty-four hours 
all effect is lost. Therefore, the hormone will usually be giving a good 
response just about the time the effect of the one or two intravenous 
calcium injections is wearing off. To maintain an approximately 
normal blood calcium in a patient with severe hypoparathyroidism 
requires daily injections of the extract. This is expensive and un- 
pleasant. Furthermore, a tolerance is usually developed, larger and 
larger doses are required, and finally little or no response oecurs. 
Maintenance treatment of chronic tetany formerly consisted of high 
calcium intake plus daily hormone injection, but fortunately better 
methods have been developed. 
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Another possible means of supplying hormone is the implantation of 
parathyroid tissue. In our experience such transplants have been in- 
effective, even when performed after preliminary culture of the para- 
thyroid tissue in the recipient’s serum, as advocated by Stone, Owings, 
and Gey.’ Even after the procedure was repeated four times at inter- 
vals of some months im one of these cases, no definite results were 
observed. In one patient only temporary benefit was obtained from a 
parathyroid transplant obtained from her mother. 

2. Chronic Tetany: The treatment of chronic tetany should begin as 
soon as it is evident that the patient cannot maintain a normal serum 
calcium level. The effective measures are: 

(a) High calcium intake.—A quart of milk will supply approximately 
1 Gm. of caleium daily, and, in addition, from 10 to 15 Gm. of calcium 
lactate or gluconate are usually advisable. This is best taken as two to 
four teaspoonfuls well stirred in hot water or milk, distributed through- 
out the day. It is not necessary to limit phosphorus intake, but a high 
phosphorus diet is undesirable, which means primarily that meat and 
protein foods should be eaten only in normal amounts. 

(b) Desiccated thyroid.—Desiceated thyroid promotes calcium ab- 
sorption and helps maintain a normal serum ealcium when hypothy- 
roidism as well as hypoparathyroidism is present. The dose needed 
varies from 1 to 3 gr. daily, enough being given to restore the basal 
metabolic rate to normal. 

(ec) Dihydrotachysterol (Hytakerol, Winthrop* ).—Dihydrotachyster- 
ol can be taken orally in capsules each containing 0.625 mg., and will 
maintain serum calcium within normal limits in even the most severe 
cases of hypoparathyroidism.* The dose varies with the severity of 
the case and with the amount of calcium ingested. With higher doses 
of calcium, smaller doses of dihydrotachysterol are possible. Among 
fourteen patients we have studied with severe chronic hypoparathy- 
roidism, the requirement is either one or two capsules daily when 
between 10 and 15 Gm. of calcium lactate powder are taken. In four 
of the more severe cases the patients need two capsules and 15 Gm. of 
calcium lactate per day; four patients require one capsule only with 
the same calcium intake. Of the remaining six patients, three take 
one capsule and approximately 15 Gm., and three take one capsule 
and 10 Gm. Twelve of the patients had postoperative tetany, eleven 
after thyroid operations, one after removal of a parathyroid tumor. 
Two had idiopathic hypoparathyroidism. 

Enough dihydrotachysterol can be given to raise serum calcium to 
normal even if calcium intake does not exceed that in the normal diet. 
The amounts of calcium used in this series of patients have not caused 


*The dihydrotachysterol for these studies was furnished by the Medical Research 
Department of the Winthrop Chemical Company, Inc. 
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digestive upsets, are not particularly disagreeable, and make the treat- 
ment much less expensive. From two to four capsules per day are 
necessary with a normal calcium intake. 


The rise in blood caleium is more rapid if larger doses of dihydro- 
tachysterol are given for the first few days and the maintenance dose 
is adopted when the serum calcium level approaches normal. A good 
dosage scheme for a patient with a serum calcium of 6 mg., given 
15 Gm. of calcium lactate daily, might be one capsule four times daily 
the first three days, then two capsules per day until the serum calcium 
reaches 9 or 10 mg. The dose can be reduced to one capsule if the 
serum calcium exceeds 10 mg., or in a mild case one capsule every 
other day may suffice. With this dosage scheme a normal serum e¢al- 
cium should be reached in from seven to ten days. The first rise is 
often not evident for forty-eight hours. When the drug is stopped, 
the blood calcium falls slowly over a period of two or three weeks. 
The advantages of dihydrotachysterol over parathyroid extract in the 
treatment of chronic parathyroid insufficiency are : 


. The action is more prolonged 
. It is effective when taken orally 
. No tolerance is developed 

4. It is less expensive 

5. It is stable and retains its potency when kept at 
ordinary room temperatures 


Dihydrotachysterol in excessive amounts can cause hypercalcemia 
and severe toxic effects. Frequent determinations of the blood calcium 
are necessary until the maintenance dose is established, then the serum 
calcium need be measured only every two or three months. 


(d) Vitamin D.—Various forms of vitamin D are effective in raising 
serum calcium. Doses of from 150,000 to 400,000 U.S.P. units daily 
plus a fortified calcium intake of 3 Gm. of calcium chloride (as 25 per 
cent solution in syrup of glycirrhiza) gave good results in a series of 
six cases studied by Sevringhaus and St. John.° 


In comparative studies on eight of the fourteen patients in our series 
we found that vitamin D, (caleiferol*) gave results similar to those 
obtained with dihydrotachysterol. Vitamin D seemed to have less 
effect in promoting phosphorous excretion. Serum phosphate levels 
tended to be somewhat higher than with dihydrotachysterol. We em- 
ployed doses of 100,000 units (two capsules) daily in most of our eases, 
and found this sufficient if from 5 to 15 Gm. of calcium lactate or glu- 
conate were given. The same dangers of hypercalcemia with cumula- 
tive effects must be guarded against with vitamin D as with dihydro- 
tachysterol. When the serum calcium was maintained within normal 
limits, patients felt equally well with the two drugs. 


*In the form of Drisdol (Winthrop) 50,000 U.S.P. units per capsule. 
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SUMMARY 


Spontaneous idiopathic tetany and spasmophilia are relatively rare 

p p p y 

while postoperative tetany is less frequent as surgical technique 

improves. 

Acute severe tetany demands immediate recognition and treatment. 
A patient complaining of numbness, tingling, or cramps after a thyroid 
or parathyroid operation should have a venipuncture with withdrawal 
of blood for serum calcium determination, then intravenous calcium 
should be given, and intramuscular parathyroid extract. Should 
symptoms of tetany persist for several days, treatment with high e¢al- 
cium intake and dihydrotachysterol or vitamin D should be instituted. 
Chronic tetany is a severe illness causing much discomfort and dis- 
ability as well as late trophic changes such as cataracts. (Good treat- 
ment now relieves patients of all such symptoms and prevents the 
trophic changes. 
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Editorial 


Progress and Future in the Treatment of Goiter 
WO or three decades ago a succession of important discoveries in 
the field of goiter was announced. These included the isolation 

of thyroxin by Kendall (1914), prevention of goiter with iodine by 

Marine and Kimball (in the school children of Akron, 1921), the re- 

discovery of the beneficial effect of iodine in toxie goiter by Plummer 

(1923), and the production of thyroid hyperplasia by the thyrotropie 

hormone of the pituitary gland (Loeb and Bassett, 1929). These mile- 

stones of progress gave promise of solving the mystery of etiology of 
goiter and simplifying treatment with perhaps the elimination of sur- 
gical procedures; however, these accomplishments were not immediately 
fortheoming. Although valuable contributions have been made since 
these discoveries, none could be considered epochal until the inhibiting 

effect of thiouracil and thiourea was demonstrated by Astwood (1948), 

following the experimental work of Kennedy and Purves (1941) and 

others. The primary value of thiouracil, like iodine, is in preparation 
of the patient for operation. However, preliminary experiences of 

Astwood on prolonged treatment with thiouracil as reported in this 

symposium suggest that symptoms may not recur following discon- 

tinuance of the drug at least in some of the patients. The effect of thio- 
uracil in neutralizing thyrotoxicosis is much more pronounced than 
iodine—so much so that postoperative crisis will probably be com- 
pletely eradicated with its use. However, the relatively slow action 
of thiouracil may make it uneconomical to use in mildly toxie goiter 
where iodine preparation is entirely adequate and requires a much 
shorter period of preoperative therapy. Although the basie cause of 
toxie goiter remains undiscovered, it is now obvious that the serious 
aspects of the disease have been almost totally eliminated. The incidence 
of goiter has decreased in a few localities, at least. The report of 
Marine and Kimball revealed the efficacy of iodine (in the form of 
iodized salt) in the prevention of goiter (toxic as well as nontoxic) in 
school children of Akron. Although this work, with similar results, has 
been extended by Kimball (1938) in Michigan, the public health aspects 
have not “been appreciated sufficiently for the use of iodized salt or 
equivalent iodine therapy to be adopted universally. Recently many 
clinicians have gained the impression that there is a definite decrease in 
the incidence of toxie goiter presumably based on the use of iodized salt. 

The writer was not convinced of this decrease in incidence in goiter in 

adults until recently, when the number of goiter patients was compared 
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to other admissions to Llinois Research Hospital. Fig. 1 illustrates the 
percentage of thyroid patients in the total admissions on the surgical 
service (adults) in Illinois Research Hospital. The average yearly 
incidence of thyroidectomies for goiter (inclusive of toxic diffuse, toxie 
nodular, and nontoxic nodular) in the total number of admissions on 
the surgical service for-the three-year period of 1927, 1928, and 1929 
was 19.3 per cent, whereas the average for the years 1941, 1942, and 
1943 was 11.3 per cent of surgical admissions. During these two periods 
the number of thyroidectomies comprised 3 per cent and 1.9 per cent, 
respectively, of the total admissions (all services) to the hospital. This 
decrease in incidence is too great to be considered a coincidence; the 
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Fig. 1.—The curve illustrates the decline in incidence of goiter (thyroidectomy) 
in the total surgical admissions to Illinois Research Hospital. 
use of iodized salt appears to be the best explanation of this decrease 
in goiter. The use of iodized salt* in the Chicago area was begun in 
1924. Naturally, it would take a few years for the iodine therapy to be 
reflected in the incidence of goiter. The drop in the incidence of goiter 
(operations) in the total surgical admissions, from 19.3 per cent to 11.3 
per cent in the fourteen-year interval, can be explained better by the 
factor of increased iodine intake than by any other local factor known to 
the writer. The amount of iodized salt sold in 1924 after its introduction 
was estimated at 60 to 65 per cent. Of the total amount sold during the 
past few years this percentage has decreased slightly, being 58 per cent 
in 1948. The ratio of the various types of goiter has remained relatively 
unchanged, indicating that whatever the cause of the decrease in goiter 


*Data kindly supplied by the Morton Salt Company, Chicago. 
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of operable type, the various types have been affected equally. However, 
it must be emphasized that restoration of the proper iodine intake 
alone cannot be expected to eliminate goiter because goiter of all types 
still exists along the seaboard where iodine intake (particularly in 
drinking water) is presumably adequate. Moreover, the added intake 
of iodine in iodized salt in these communities during the past few years 
has not resulted in any decrease in goiter. As a matter of fact, in some 
communities (for example, New Orleans) the incidence of goiter ap- 
pears to be on the inerease.* 

Much difference of opinion exists as to whether or not excision of non- 
toxic nodular goiter is advisable. However, at least a great many sur- 
geons advise removal because of the possible development of carcinoma, 
thyrotoxicosis, and pressure manifestations. After reviewing the inei- 
dence of carcinoma of the thyroid in nontoxie nodular goiters removed 
at Illinois Research Hospital, the author became convinced that removal 
of nontoxie nodular goiter should be advised almost routinely except in 
aged people or patients with complicating diseases. In general, the ur- 
gency is greater in young people, particularly if the nodule is solitary, 
largely because the incidence of carcinoma is highest in these two 
instances. 

During the past several years the mortality rate following thyroid- 
ectomy has been lowered gradually until now it will probably average 
between 0.5 and 1.5 per cent in the various clinics where a large number 
of patients are cared for. There will be or should be a definite superiority 
of mortality rate in a series dealing with private cases over a series in 
a charity clinic for two reasons: (1) Private patients will come to the 
physician earlier, that is before cardiac and other organic damage is 
pronounced; and (2) for financial reasons the nutritional imbalance 
will be greater in the charity patient—a serious detriment in a disease 
which affects nutrition primarily. To maintain a commendable mortality 
rate the surgeon must be particularly cautious in his estimation of opera- 
bility. This preca::tion is just as important in thyrotoxicosis as it is 
in other diseases such as carcinoma of the colon and stomach where 
nutritional depreciation is such a prominent factor. Although the ex- 
perienced clinician may estimate operability quite accurately by a brief 
survey of the patient, he will nevertheless make fewer errors if he will 
adopt mathematical principles as much as possible; he will certainly 
have an enormous amount of difficulty in teaching methods of estimat- 
ing operability to students unless he utilizes mathematical principles in 
his prerequisites. 

Whatever the method adopted for estimating operability, there is one 
prerequisite which must never be broken, that is, bilateral thyroidectomy 
must never be performed in severe thyrotoxicosis unless the patient is 
In patients with doubtful operability, only one 


showing a weight gain. 


*Ochsner, Alton: Personal communication. 
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lobe should be removed at the first operation. An interval of at least 
three or four weeks should intervene before the second lobe is removed. 
Ligation of the superior thyroid artery has been abandoned as a stage 
operation. 


Since thiouracil is so effective in neutralizing toxicity, the need for 
stage operations will unquestionably be markedly decreased. In spite 
of this tremendous advantage of thiouracil over iodine, it possesses two 
disadvantages, (1) the drug is occasionally toxie, and (2) a much longer 
interval is required to obtain reduction in the thyroid toxicity. 


—Warren Cole, M.D. 
Chicago, IIl. 
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adrenal cortical hormone — 
Percorten"—is proving its life- 
maintaining value in the therapy 
of Addison’s disease. 


Percorten may be helpful in other 
conditions where disturbed water 
and electrolytic balance exists— 
e.g. in shock, burns and severe 
infections. 
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EVERY DOCTOR’S OFFICE... 


. . . a practical, how-to-do book with a unique 
quick-reference arrangement that brings you com- 
plete information on any phase of ambulatory sur- 

gery in a split second. 


pSurgery of the 
Ambulatory Patient 


L. KRAEER FERGUSON, M.D. 


Six-hundred-and-forty-five specially- made illustrations are perfectly co- 
ordinated with concise explanations to give a complete, practical coverage 
of ambulatory surgery—from equipment needed to diagnosis and treatment. 
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EDITORIAL ARRANGEMENT 


SECTION I General Discussion: Equipment; anesthetics, preparation 
and conduct of operations, post-operative care, dressings 
and bandages, infections, care of wounds, burns, frostbite 
and superficial cysts and tumors. 

SECTION II Regional Surgery: Actual surgery as required by and ap- 
plied to various body regions. Arrangement of data 
begins with the scalp and ends with the foot. Covers 
every known condition of the soft tissues from its 

mbulatory-surgical aspect. 

SECTION III The Musculoskeletal System: Complete coverage in the 
same “‘head-to-foot’’ way. The material 
in this section was written by Dr. 
Leuis Kaplan, Head of the Fracture 
Division of the Surgical Out-Patient 
Department, Hospital of the U. of 
Pennsylvania. 

L. KRAEER FERGUSON, M.D., F.A.C.S., Captain, 
Medical Corps, U.S.N.R., is widely-known for research and 
Practice as Assistant Professor of Surgery. U. of Penna., and as 
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SURGERY OF THE AMBULATORY PATIENT is one 
of the many Lippincott books thousands of general practitioners 
and specialists find invaluable in maintaining basic and advanced 
skills. Lippincott Selected Professional Books afford authorit: itive 
reference in the fields of medicine, surgery, dentistry, nursing 
and pharmacy. We shall be glad to send you the list of our books. 
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TWINS OF DEATH 


HAND IN HAND go War and Tu- 
berculosis—the dread disease that 
since Pearl Harbor has exacted a 
toll of 145,000 civilians. 

Wartime conditions — worry, 
overwork, abnormal eating and 
housing — are the allies of TB. 

Yet Tuberculosis can be control- 
led. The annual sale of Christmas 


Seals has helped cut the death 
rate by 75%! 


But the current death rate shows 
that the battle is far from won — 
that your dollars are needed now, 
urgently. 


Please, send in your contribution 
today. 


BUY CHRISTMAS 


\ The National, State and Local 
Tuberculosis Associations in 
the United States 
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MEMORANDUM 


INFANTILE 


To: Mr. & Mrs. America PARALYSIS 
From: Your Children 
Re: THE MARCH OF DIMES 


DON'T FORGET--that last summer 
America experi- 
enced one of 
its worst 


epidemics of JOIN THE MARCH 


infantile 
paralysis. OF DIMES 


DON'T FORGET--that infantile paralysis invades the 
homes of rich and poor, weak and strong 
alike, and is no respector of age, 
race, creed or color. 


DON'T FORGET--your dimes and dollars made possible 
the vital aid rendered by The National 
Foundation for Infantile Paralysis 
during the epidemic crisis. 


DON'T FORGET--how infantile paralysis might have 
sabotaged our tremendous war production 
effort if it had not been countered by 
your dimes and dollars. 


DON'T FORGET--that no one can 
predict where 


polio will 

strike in 1945! 

Prepare to keep 


America's chil- 


INFANTILE 
PARALYSIS dren STRONG! 


Send your dimes and dollars to 
President Roosevelt 
at 
The White House. 


JAN. 14-31 
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